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In [1]:

import pandas as pd

import numpy as np

import random, os, time

from ete3 import NCBITaxa

from ete3 import Tree

import seaborn as sns

import unicodedata

import matplotlib.pyplot as plt

from matplotlib.pyplot import figure
import operator

Initial configuration

In [2]:

#If running on a Slurm cluster, change account name and change run on slurm vari
able to True.

account = "uoa00354"

run_on _slurm = True

Defining functions
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In [4]:

def create directory(directory name):
if os.path.exists(directory name) == False:
os.mkdir(directory name)

def run_command(run_on slurm, account, job name, job time, job memory, job cpus,
job command):
if run_on slurm == False:
os.system(job command)
if run _on slurm == True:
f = open("run.sh", "w")
f.write("""#!/bin/bash

#SBATCH --account="""+str(account)+"""
#SBATCH --job-name="""+str(job_name)+"""
#SBATCH --time="""+str(job time)+"""

#SBATCH - -mem="""+str(job_memory)+"""

#SBATCH --cpus-per-task="""+str(job cpus)+"""

module load Python/3.7.3-gimkl-2018b
module load BLAST

+job command)
f.close()

os.system("sbatch run.sh")
os.system("rm run.sh")
else:
print("Please, set 'run on slurm' variable to True or False")

def is error(func, *args, **kw):
try:
func(*args, **kw)
return False
except Exception:
return True

def get rank count percentage(rank,tax id list):
rank dict = {}
for tax id in tax id list:
lineage = ncbi.get lineage(tax id)
for tax _id lineage in lineage:
sub rank = "sub"+rank
if rank in str(ncbi.get rank([tax id lineage])) and sub rank not in
str(ncbi.get rank([tax id lineage])):
if tax _id lineage not in rank dict:
rank dict[tax id lineage] =1
else:
rank dict[tax id lineage] += 1
sum = 0
for key, value in rank dict.items():
sum += value
for key, value in rank dict.items():
rank dict[key] = (value/sum)*100
return(rank dict)
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Importing Excel spreadsheet

In [5]:

df = pd.read excel("Degraders list v5.xlsx", dtype={'Enzyme ID': object})

#Visualize part of the dataset.

df.tail(7)
Out[5]:
Tax Enzvme Database
Microorganism D Plastic Ref Enzyme y D Enzyne Gen
Name
00095 |
Danso, D., PET-
_ Schmeisser, C., PET- hydrolase |
1198 Vibrio gazogenes 0 PCL Chow, J.. hydrolase 00095 Vibrio Ye
Zimmerman... gazogenes
| PCL...
00095 |
Danso, D., PET-
_ Schmeisser, C., PET- hydrolase |
1199 Vibrio gazogenes 0 PET Chow, J.. hydrolase 00095 Vibrio Ye
Zimmerman... gazogenes
| PCL...
Raghul, S. S.,
Vibrio PVA Bhat, S. G.,
1200 parahaemolyticus 0 Blend Chandrasekaran, No NaN NaN N
M....
Raghul, S. S.,
Vibrio LLDPE Bhat, S. G.,
1201 parahaemolyticus 0 Blend Chandrasekaran, No NaN NaN N
M....
Sarkhel, R.,
- Sengupta, S.,
1202 Vibrio sp. 0 PET Das, P. & No NaN NaN N
Bhowal, ...
Virgibacillus Roy, P. K., Titus,
1203 giba 0 PE S., Surekha, P., No NaN NaN N
halodenitrificans X
Tulsi, E.,...
Kim, H., Ju, H.
S., & Kim, J. PHPV
1204 Xanthomonas sp. 0 PHPV (2000). depolymerase NaN NaN N
Characte...

Setting up a local copy of the NCBI taxonomy
database
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In [6]:
ncbi = NCBITaxal()

Geting NCBI TAX IDs

In [7]:

#If it returns an error, just wait, it will get the dataframe anyway.
for index, row in df.iterrows():
if row["Tax ID"] == 0:
name2taxid = ncbi.get name translator([row["Microorganism"]])
df["Tax ID"][row.name] = str(name2taxid.values()).replace("[","").replac
e("1", ") split(" (") [1].split(")")[0]
# Testing if there 1is no error
for index, row in df.iterrows():
if type(row["Tax ID"]) != int:
print(row["Microorganism"])

/home/vmar559/PyPackages/lib/python3.7/site-packages/ipykernel launc
her.py:5: SettingWithCopyWarning:
A value is trying to be set on a copy of a slice from a DataFrame

See the caveats in the documentation: http://pandas.pydata.org/panda
s-docs/stable/indexing.html#indexing-view-versus-copy

Creating dataframe with all microorganisms in the
rows and the plastics in the columns
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In [8]:

plastic types = df['Plastic'].unique()

tax ids = df['Tax ID'].unique()

df2 = pd.DataFrame(0, index=tax ids, columns=plastic types)
df2.sort index(inplace=True)

df2.sort_index(axis=1, inplace=True)

df2.head(7)

Out[8]:
P(3HB-
BTA LDPE LLDPE Mater- o- o

copolyester TPPE LDPE Biond  Blend Bi WION pE pya 3585 - PTC
192 0 0 0 0 0 0 0 0 o 0 0
232 0 0 0 0 0 0 0 0 o 0 0
239 0 0 0 0 0 0 0 0 o0 0 0
266 0 0 0 0 0 0 0 0 o0 0 0
285 0 0 0 0 0 0 0 0 o 0 0
287 0 0 0 0 0 0 0 0 0 0 0
292 0 0 0 0 0 0 0 0 o 0 0

7 rows x 65 columns

Filling the dataframe with plastic degrading data
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In [9]:

references dict = {}
for index, row in df.iterrows():
plastic = row['Plastic']
tax _id = row['Tax ID']
reference = str(row['Ref'].strip())
normalized = unicodedata.normalize('NFD', reference)
reference = u"".join([c for c in normalized if not unicodedata.combining(c
)])+"<br><br>"
df2.at[tax_id, plastic] =1
if tax _id not in references dict.keys():
references dict[tax id] = reference
else:
if reference not in references dict[tax id]:
references dict[tax id] += reference
df2
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Out[9]:
R S
192 0 0 0 0 0 0 0 0 0 0
232 0 0 0 0 0 0 0 0 0 0
239 0 0 0 0 0 0 0 0 0 0
266 0 0 0 0 0 0 0 0 0 0
285 0 0 0 0 0 0 0 0 0 0
287 0 1 1 0 0 0 0 0 0 0
292 0 0 0 0 0 0 0 0 0 0
293 0 0 0 0 0 0 0 0 0 0
294 0 1 0 0 0 0 0 0 0 0
300 0 0 0 0 0 0 0 0 0 0
301 0 0 0 0 0 0 0 0 0 0
303 0 0 1 0 0 0 0 0 0 0
306 0 1 1 0 0 0 0 0 1 0
316 0 0 0 0 0 0 0 0 0 0
317 0 0 1 0 0 0 0 0 0 0
329 0 0 0 0 0 0 0 0 0 1
354 0 0 0 0 0 0 0 0 0 0
358 0 0 0 0 0 0 0 0 0 0
470 0 0 1 0 0 0 0 0 0 0
471 0 0 0 0 0 0 0 0 0 0
479 0 0 0 0 0 0 0 0 0 0
511 0 0 0 0 0 0 0 0 0 0
512 0 0 0 0 0 0 0 0 0 0
549 0 0 0 0 0 0 0 0 0 0
573 0 1 0 0 0 0 0 0 0 0
599 0 0 0 0 0 0 0 0 0 0
615 0 1 1 0 0 0 0 0 0 0
663 0 0 0 0 1 0 0 0 0 0
670 0 0 0 0 1 0 0 0 0 0
678 0 0 0 0 0 0 0 0 0 0
1871054 0 0 0 0 0 0 0 0 0 0
1871086 0 0 0 0 0 0 0 0 0 0
1871184 0 0 0 0 0 0 0 0 0 0
1871332 0 0 0 0 0 0 0 0 0 0
1871614 0 0 0 0 0 0 0 0 0 0
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P(3HB-
copayeny MOPE LoPE LOPE LLOPE ML on O 0 T ea e

1871618 0 0 0 0 0 0 0 0 0 0
1871623 0 0 0 0 0 0 0 0 0 0
1872094 0 0 0 0 0 0 0 0 0 0
1872122 0 0 0 0 0 0 0 0 0 1
1872427 0 0 0 0 0 0 0 0 0 0
1872437 0 0 0 0 0 0 0 0 0 0
1873897 0 0 0 0 0 0 0 0 0 0
1882945 0 1 1 0 0 0 0 0 0 0
1886637 0 0 0 0 0 0 0 0 0 0
1898440 0 1 0 0 0 0 0 0 0 0
1902915 0 0 0 0 0 0 0 0 0 0
1914427 0 0 0 0 0 0 0 0 0 0
1934310 0 0 0 0 0 0 0 0 0 0
1934313 0 0 0 0 0 0 0 0 0 0
1960874 0 0 0 0 0 0 0 0 0 0
1963841 0 0 0 0 0 0 0 0 0 0
1970644 0 0 0 0 0 0 0 0 0 0
1981611 0 0 0 0 0 0 0 0 0 0
1981612 0 0 0 0 0 0 0 0 0 0
1982014 0 0 0 0 0 0 0 0 0 0
2044285 0 0 0 0 0 0 0 0 0 0
2046025 0 0 0 0 0 0 0 0 0 0
2046349 0 0 0 0 0 0 0 0 0 0
2050588 0 0 0 0 0 0 0 0 0 0
2420204 0 0 0 0 0 0 0 0 0 0

436 rows x 65 columns

Getting tree topology from NCBI and creating the
tree

In [9]:

ids = df2.index.values
t = ncbi.get topology(ids, intermediate nodes=True)
t.write(format=8, outfile="tree.nw")
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Creating Itol dataset files

In [34]:

r = lambda: random.randint(0,255) #Creates random hexadecimal color codes
create directory("itol datasets")

for column in df2.columns:
f = open("itol datasets/"+column.rstrip()+".txt", "w")
f.write("""DATASET BINARY
SEPARATOR COMMA
DATASET LABEL,"""+column+"""
COLOR, """+"'#%02X%02X%02X"' % (r(),r(),r())+"""
FIELD SHAPES,1
FIELD LABELS,f1
DATA""")
for index, row in df2.iterrows():
tax id = str(index)
feature binary = str(row[column])
f.write("\n"+tax id+","+feature binary)
f.close()

Downloading all available genomes for the plastic
degraders
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In [33]:
for tax id in tax ids[400:]:
job name = str(tax id)
job time = "08:00:00"
job memory = 200 #Amount of ram memory in MB
job cpus =1
job_command = "ncbi-genome-download -s genbank --format fasta --taxid "+str(

tax id)+" -r 5 -o genomes/"+str(tax id)+"/ fungi,bacteria &"

run_command(run _on slurm, account, job name, job time, job memory, job cpus,

job command)

time.sleep(5)

Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,
Please,

Creating itol dataset for microorganisms with
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In [58]:

create directory("itol datasets genomes")
directories list = os.listdir("genomes")

f = open("itol datasets genomes/Available genomes.txt", "w")
f.write("""DATASET BINARY

SEPARATOR COMMA

DATASET LABEL,Available genomes

COLOR, #FF0000

FIELD SHAPES,1

FIELD LABELS,fl

DATA""")

for index, row in df2.iterrows():
tax id = str(index)
if str(index) in directories list:
f.write("\n"+tax id+","+"1")
else:
f.write("\n"+tax_ id+","+"0")
f.close()

Blasting genes against genomes
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In [64]:

#Adding the TAX ID to all sequence names
directories list = os.listdir("genomes")
create directory("genomes database")
os.system("touch genomes database/genomes.fasta")
for directory in directories list:
os.system("zcat genomes/"+directory+"/genbank/*/*/*genomic.fna.gz | sed s/'"
>'/'>"+directory+" "+"'/g >> genomes database/genomes.fasta")

#Creating BLAST database

job time = "02:00:00"

job _memory = 4096 #Amount of ram memory in MB

job cpus =1

job name = "blast db"

job command = "makeblastdb -in genomes database/genomes.fasta -dbtype nucl"

run_command(run_on slurm, account, job name, job time, job memory, job cpus, job
~command)

#Sending BLAST jobs
create directory("blasts")
job time = "04:00:00"
job memory = 512 #Amount of ram memory in MB
job cpus =1
for index, row in df.iterrows():
sequences = row["Sequence"]
species name = ncbi.get taxid translator([row["Tax ID"]])[row["Tax ID"]].rep
lace("(","").replace(")","").replace(":","").replace(" "," ")
if pd.notna(sequences) == True:
for n in range(0, len(sequences.split(";"))):
job name = str(row["Tax ID"])+" "+str(n)
job _command = "echo '"+sequences.split(";")[n]+""' | tblastn -query -
-db /nesi/nobackup/uoa@0354/victor/PlasticDegradersTree/genomes database/genome
s.fasta -out /nesi/nobackup/u0a00354/victor/PlasticDegradersTree/blasts/"+specie
s _name+" "+row["Enzyme"].replace(" "," ")+" "+str(n)+".tsv -outfmt 6"
run_command(run_on slurm, account, job name, job time, job memory, j
ob cpus, job command)
time.sleep(2)

Creating itol datasets for all genes
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In [11]:

r = lambda: random.randint(0,255) #Creates random hexadecimal color codes
blast outputs list = os.listdir("blasts")
blast outputs list.sort()
for file in blast outputs list:
file blast = open("blasts/"+file)
blast = file blast.readlines()
file itol = open("itol datasets genomes/"+file.replace("tsv", "txt"), "w")
counting dict = {}
for line in blast:

gseqid = line.rstrip().split("\t")[0]

sseqid = line.rstrip().split("\t")[1].split(" ")[0O]
pident = float(line.rstrip().split("\t")[2])

length = int(line.rstrip().split("\t")[3])

mismatch = int(line.rstrip().split("\t")[4])
gapopen = int(line.rstrip().split("\t")[5])
gstart = int(line.rstrip().split("\t")[6])
gend = float(line.rstrip().split("\t")[7])
sstart = float(line.rstrip().split("\t")[8])
send = float(line.rstrip().split("\t")[9])
evalue = float(line.rstrip().split("\t")[10])
bitscore = float(line.rstrip().split("\t")[11])
if evalue <= le-10 and pident >= 50:
if sseqid not in counting dict:
counting dict[sseqid] =1
else:
counting dict[sseqid] += 1

file itol.write("""DATASET MULTIBAR
SEPARATOR TAB
DATASET LABEL\t"""+file.replace('.tsv', '').replace(' ', ' ")+"""
COLOR\t"""+"'#%02X%02X%02X"' % (r(),r(),r())+"""
FIELD COLORS\t"""+'#%02X%02X%02X"' % (r(),r(),r())+"""
FIELD LABELS\t"""+file.replace('.tsv', '').replace(
DATA""™")
for index, row in df2.iterrows():
if str(index) in counting dict:
file itol.write("\n"+str(index)+"\t"+str(counting dict[str(index)]))
else:
file itol.write("\n"+str(index)+"\t0")
file blast.close()
file itol.close()

NI

Creating one light color for each phylum
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In [12]:

phylum color dict = {}
phylum color list []
for node in t.traverse("postorder"):
if "'phylum'" in str(ncbi.get rank([int(node.name)])):
phylum name = ncbi.get taxid translator([int(node.name)])[int(node.name

)1
phylum color list.append(phylum name)
phylum colors = sns.color palette("hls", (len(phylum color list))).as hex()
n==~0
for item in phylum color list:
phylum color dict[item] = phylum colors[n]
n += 1

Creating itol datasets for phylum labels
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In [14]:

#Nexus version

f = open("itol datasets/Phylum labels.txt", "w")

f.write("""DATASET TEXT

SEPARATOR COMMA

DATASET LABEL,Phylum Labels

COLOR, #0000

MARGIN, 0@

SHOW INTERNAL, 1

LABEL ROTATION, O

STRAIGHT LABELS,0

ALIGN TO TREE,O

SIZE FACTOR, 0

DATA

")

for node in t.traverse("postorder"):

if "'phylum'" in str(ncbi.get rank([int(node.name)])):

phylum name = ncbi.get taxid translator([int(node.name)])[int(node.nam

e)]
f.write("\ninode"+node.name+","+phylum name+", 0, "+phylum color dict[phyl

um _name]+",bold, 10,0")

f.close()

#XML version
ids = df2.index.values

f = open("itol datasets/Phylum labels.txt", "w")

f.write("""DATASET TEXT

SEPARATOR COMMA

DATASET LABEL,Phylum Labels

COLOR, #0000

MARGIN, 0

SHOW INTERNAL, 1

LABEL ROTATION, 0

STRAIGHT LABELS,0

ALIGN TO TREE,O

SIZE FACTOR, 0

DATA

phylum dict = get rank count percentage("phylum", 1ids)

for key, value in phylum dict.items():
phylum name = ncbi.get taxid translator([key])[key]
f.write("\n"+str(key)+", "+phylum name+", 0, "+phylum color dict[phylum name]

+",bold, 10,0")

f.close()

ids = df2.index.values

internal node dict = {"Mucoromycota": "I867",
"Bacteroidetes": "I533",
"Cyanobacteria": "I255",
"Basidiomycota": "I557",
"Firmicutes": "I152",
"Actinobacteria": "I4",
"Proteobacteria”: "I264",
"Ascomycota": "I625"}

f = open("itol datasets/Phylum labels.txt", "w")

f.write("""DATASET TEXT

SEPARATOR COMMA
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DATASET LABEL,Phylum Labels
COLOR, #ff0000
MARGIN, 0
SHOW INTERNAL,1
LABEL ROTATION, O
STRAIGHT LABELS,0
ALIGN TO TREE,©
SIZE FACTOR,0
DATA
)
phylum dict = get rank count_percentage("phylum", ids)
for key, value in phylum dict.items():
phylum name = ncbi.get taxid translator([key]) [key]

f.write("\n"+internal node dict[phylum name]+","+phylum name+",0,"+phylum co

lor dict[phylum name]+",bold,10,0")
f.close()

Creating itol datasets for phylum colored ranges

In [15]:

f = open("itol datasets/Phylum colors.txt", "w")
f.write("""TREE COLORS
SEPARATOR COMMA
DATA
)
for node in t.traverse("postorder"):
if "'phylum'" in str(ncbi.get rank([int(node.name)])):

phylum name = ncbi.get taxid translator([int(node.name)])[int(node.nam

e)]

f.write("\ninode"+node.name+", range, "+phylum color dict[phylum name]
+", "+phylum name)
f.close()

f = open("itol datasets/Phylum colors.txt", "w")
f.write("""TREE COLORS
SEPARATOR COMMA
DATA
)
phylum dict = get_rank_count_percentage("phylum", ids)
for key, value in phylum dict.items():
phylum name = ncbi.get taxid translator([key]) [key]

f.write("\n"+internal node dict[phylum name]+", range, "+phylum color dict[phy

lum name]+","+phylum name)
f.close()

Creating itol datasets for references
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In [16]:

f = open("itol datasets/Popup info.txt", "w")
f.write("""POPUP INFO
SEPARATOR TAB
DATA
)
for index, row in df2.iterrows():
organism name = ncbi.get taxid translator([index])[index]
html string = "<hl>"+organism name+"</hl><br>NCBI ID = "+str(index)+"<br><br
>References:<br><br>"+references dict[index]
f.write("\n"+str(index)+"\t"+organism name+"\t"+html string)
f.close()

Creating file with TAX IDs

In [10]:

ids = df2.index.values

f = open("ids.txt", "w")

for item in ids:
f.write(str(item)+"\n")

f.close()

Creating tree with all species
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In [11]:

#Full Bacteria and Fungi version
all species file = open("all species tax ids.txt")
all species = all species file.readlines()
all bacteria and fungi = []
for item in all species:
tax id = item.rstrip()
if is error(ncbi.get lineage, tax id) == False:
lineage = ncbi.get lineage(tax id)
is bacteria or fungi = 0
is unclassified = 0
is candidatus = 0
for sub _item in lineage:
if sub item == 2 or sub item == 4751:
is bacteria or fungi =1
if sub_item == 2323 or sub _item == 89443 or sub _item == 48479:
is unclassified =1
if "Candidatus" in ncbi.get taxid translator([str(sub item)])[sub it
em] :
is candidatus =1
if "candidate" in ncbi.get taxid translator([str(sub item)])[sub ite
m]:
is candidatus =1
if is bacteria or fungi == 1 and is unclassified == 0 and is candidatus

all bacteria and fungi.append(tax id)
all bacteria and fungi subsample = random.sample(all bacteria and fungi, 7000)

for item in ids:
all bacteria and fungi subsample.append(str(item))
t all species = ncbi.get topology(all bacteria and fungi subsample, intermediate
_nodes=True)
t all species.write(format=8, outfile="tree all species.nw")
f = open("all species tax ids subsampled.txt", "w")
for item in all bacteria and fungi subsample:
f.write(item+"\n")
f.close()

Creating one light color for each phylum for all
species tree
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In [12]:

phylum color dict all species = {}
phylum color list all species []
for node in t all species.traverse("postorder"):
if "'phylum'" in str(ncbi.get rank([int(node.name)])):

phylum name = ncbi.get taxid translator([int(node.name)])[int(node.name

)]
phylum color list all species.append(phylum name)

phylum colors = sns.color palette("hls", (len(phylum color list all species))).a

s _hex()

n==~o0

for item in phylum color list all species:
phylum color dict all species[item] = phylum colors[n]
n+=1

Creating itol datasets for phylum colored ranges for
all species tree

In [13]:

f = open("itol datasets/Phylum colors all species.txt", "w")
f.write("""TREE COLORS
SEPARATOR COMMA
DATA
)
for node in t all species.traverse("postorder"):
if "'phylum'" in str(ncbi.get rank([int(node.name)])):

phylum name = ncbi.get taxid translator([int(node.name)])[int(node.name

)]

f.write("\ninode"+node.name+", range, "+phylum color dict all species[phyl

um namel+","+phylum name)
f.close()

Creating itol datasets for phylum labels for all species

tree
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In [14]:

f = open("itol datasets/Phylum labels all species.txt", "w")
f.write("""DATASET TEXT
SEPARATOR COMMA
DATASET LABEL,Phylum Labels
COLOR, #ff0000
MARGIN, 0
SHOW INTERNAL,1
LABEL ROTATION,O
STRAIGHT LABELS,0
ALIGN TO TREE,©
SIZE FACTOR, O
DATA
)
for node in t all species.traverse("postorder"):
if "'phylum'" in str(ncbi.get rank([int(node.name)])):

phylum name = ncbi.get taxid translator([int(node.name)])[int(node.name

)]

f.write("\ninode"+node.name+","+phylum name+",0,"+phylum color dict all

species[phylum name]+",bold,10,0")
f.close()

Creating itol bar dataset for all species tree

In [15]:

file itol = open("itol datasets/bar all species.txt", "w")
file itol.write("""DATASET MULTIBAR
SEPARATOR TAB
DATASET LABEL\tAll Species Bar
COLOR\t#0000Off
FIELD COLORS\t#0000ff
FIELD LABELS\tAll Species Bar
DATA""")
for index, row in df2.iterrows():

file itol.write("\n"+str(index)+"\t10")
file itol.close()

Creating figure with number of publications and
degraders per year
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In [13]:

ref dict, publication count dict = {}, {}
year list = []

for index, row in df.iterrows():
reference = row['Ref']
year = row[ 'Year']
ref dict[reference] = year

for key, value in ref dict.items():
year list.append(value)
if value not in publication count dict:
publication count dict[value] =1
else:
publication count dict[value] += 1

x, y =11, [l

year _min
year_max

int(min(year list)
int(max(year list)

)
)

for n in range(year min, year max+1):
if n in publication count dict:
count = publication count dict[n]
x.append(n)
y.append(count)
else:
x.append(n)
y.append(0)
figure(num=None, figsize=(9, 3), dpi=300, facecolor='w'
plt.clf()

, edgecolor='k")

axl=plt.gca()

axl.bar(x, y, label = "Publications")

axl.set ylabel("Number of Publications", fontsize=11)
axl.set xlabel("Date", fontsize=12)

axl.legend(loc=0, frameon=False)
axl.spines['top'].set visible(False)

ids year dict = {}
year count dict = {}
x, y =11, Il

for index, row in df.iterrows():
ids = row['Tax ID']
year = row[ 'Year']
if ids not in ids year dict:
ids year dict[ids] = year
else:
if year < ids year dict[ids]:
ids year dict[ids] = year

for key, value in ids year dict.items():
if value not in year count dict:
year count dict[value] =1
else:
year count dict[value] += 1
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# for year, value in year count dict.items():
# f'"{year}\t{value}"
# print(year, value)
year sum = 0
for n in range(1974, 2021):
if n in year count dict:
year sum += year count dict[n]
print(n, year count dict[n], year sum)
X .append(n)
y.append(year sum)

ax2=ax1l.twinx()

ax2.plot(x, y, color="'green', label = "Known Plastic Degraders")
ax2.set xticks(range(min(x), max(x)+1, 3))

ax2.set ylabel("Number of Known Plastic Degraders", fontsize=10)
ax2.set xlabel("Date", fontsize=12)

ax2.legend(loc=0, bbox to anchor=(0.34, 0.85,), frameon=False)
ax2.spines['top'].set visible(False)

plt.margins(x=0)
plt.show()
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In [10]:

ids = df2.index.values

#Figure 1
figure(num=None, figsize=(9, 6), dpi=300, facecolor='w', edgecolor='k")
levels list = ["superkingdom", "phylum", "class"]

fig number =1
top label list = ["A) Domain", "B) Phylum", "C) Class"]

upper level list old
upper_ level list new

[]
[]

for level in levels list:
ax = plt.subplot(1l, 3, fig number)

x, y=1[I, [
level dict = get rank count percentage(level, 1ids)
sorted level = sorted(level dict.items(), key=operator.itemgetter(1l))[::-1]

if fig number ==
for key, value in sorted level:
organism name = ncbi.get taxid translator([key])[key]
count = value
x.append(organism name)
y.append(count)
upper level list old.append(key)
else:
for item in upper level list old:
for key, value in sorted level:
organism name = ncbi.get taxid translator([key])[key]
count = value
if is error(ncbi.get lineage, tax id) == False:
lineage = ncbi.get lineage(key)
for sub_item in lineage:
if sub_item == item:
X.append(organism _name)
y.append(count)
upper level list new.append(key)

upper level list old
upper_level list new

upper level list new

[]

chart colors = sns.hls palette(len(x), h = 0.7, 1 = 0.6).as_hex()

bottom sum = 0
print(x)
print(y)
for n in range(0, len(x)):
y_list = [y[n]]
x_list = [x[n]]
ax.bar(l, y list, color = chart colors[n], width=1.5, bottom=bottom sum,
edgecolor="'white', linewidth=0.5, label=x[n])
bottom sum += y[n]
ax.set ylabel("Proportion of total number of taxa", fontsize=9)
ax.yaxis.set label coords(-0.15,0.5)
ax.spines['top'].set visible(False)
ax.spines['bottom'].set visible(False)
ax.spines['left'].set visible(False)
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ax.spines['right'].set visible(False)
if level == "superkingdom":
plt.xticks([1], ["Domain"])
else:
plt.xticks([1], [level.capitalize()])
plt.xlim(0, 10)
handles, labels = ax.get legend handles labels()
plt.legend(handles[::-1], labels[::-1], fontsize = 'x-small', frameon=False,
loc="center left", bbox to anchor=(0.2, 0.5,))
plt.text(-0.1, 1.05, top label list[fig number-1], fontweight='bold', transf
orm=ax.transAxes, fontsize=12, va='top', ha='right"')

fig number += 1

#Figure 2
figure(num=None, figsize=(9, 6), dpi=300, facecolor='w', edgecolor='k")
levels list = ["order", "family", "genus"]

fig number =1
top label list = ["A) Order", "B) Family", "C) Genus"]

for level in levels list:
ax = plt.subplot(1l, 3, fig number)

]
get rank count percentage(level, ids)
= sorted(level dict.items(), key=operator.itemgetter(1l))[::-1]

x, y =11, 1
level dict =
sorted level

sorted level count = 0
sorted level sum = 0
sorted level first 20 = []
for key, value in sorted level:
if sorted level count < 24:
sorted level first 20.append((key, value))
else:
if sorted level count == 24:
sorted level first 20.append(("Other", 0))
sorted level sum += value
sorted level first 20[24] = ("Other", sorted level sum)
sorted level count += 1

for item in upper level list old:
for key, value in sorted level first 20:
if key != "Other":
organism name = ncbi.get taxid translator([key])[key]
count = value
if is error(ncbi.get lineage, tax id) == False:
lineage = ncbi.get lineage(key)
for sub _item in lineage:
if sub item == item:
X.append(organism name)
y.append(count)
upper level list new.append(key)

upper_ level list old
upper level list new
x.append("Other")

y.append(sorted level sum)

upper_level list new
[]
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chart colors = sns.hls palette(len(x), h = 0.7, 1 = 0.6).as_hex()

bottom sum = 0
print(x)
print(y)
for n in range(0, len(x)):
y _list = [y[n]]
x list = [x[n]]
ax.bar(1l, y list, color = chart colors[n], width=1.5, bottom=bottom sum,
edgecolor="'white', linewidth=0.5, label=x[n])
bottom sum += y[n]
ax.set ylabel("Proportion of total number of taxa", fontsize=11)
ax.yaxis.set label coords(-0.17,0.5)
ax.spines['top'].set visible(False)
ax.spines['bottom'].set visible(False)
ax.spines['left'].set visible(False)
ax.spines['right'].set visible(False)
plt.xticks([1], [level.capitalize()])
plt.xlim(0, 10)
handles, labels = ax.get legend handles labels()
plt.legend(handles[::-1], labels[::-1], fontsize = 'x-small', frameon=False,
loc="center left", bbox to anchor=(0.2, 0.5,))
plt.text(-0.1, 1.05, top label list[fig number-1], fontweight='bold', transf
orm=ax.transAxes, fontsize=12, va='top', ha='right')

fig number += 1
#Show both figures

plt.tight layout()
plt.show()
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['Bacteria', 'Eukaryota'l

[65.59633027522935, 34.403669724770644]

['Proteobacteria', 'Actinobacteria', 'Firmicutes', 'Bacteroidetes',
'Cyanobacteria', 'Ascomycota', 'Basidiomycota', 'Mucoromycota']

[30.414746543778804, 20.276497695852534, 13.82488479262673, 0.691244
2396313364, 0.4608294930875576, 26.95852534562212, 4.37788018433179
7, 2.995391705069124]

[ 'Gammaproteobacteria', 'Betaproteobacteria', 'Alphaproteobacteria’,
'Deltaproteobacteria', 'Oligoflexia', 'Actinobacteria', 'Bacilli’',
'Clostridia', 'Negativicutes', 'Bacteroidia', 'Sphingobacteriia', 'F
lavobacteriia', 'Eurotiomycetes', 'Sordariomycetes', 'Dothideomycete
s', 'Saccharomycetes', 'Leotiomycetes', 'Agaricomycetes', 'Ustilagin
omycetes', 'Microbotryomycetes', 'Tremellomycetes', 'Mucoromycetes',
'Mortierellomycetes']

[17.674418604651162, 9.30232558139535, 3.0232558139534884, 0.4651162
7906976744, 0.23255813953488372, 20.46511627906977, 12.5581395348837
22, 0.9302325581395349, 0.46511627906976744, 0.23255813953488372, 0.
23255813953488372, 0.23255813953488372, 11.86046511627907, 8.3720930
23255815, 5.5813953488372094, 0.6976744186046512, 0.2325581395348837
2, 3.0232558139534884, 0.46511627906976744, 0.46511627906976744, 0.4
6511627906976744, 2.3255813953488373, 0.6976744186046512]

[ 'Pseudomonadales', 'Enterobacterales', 'Xanthomonadales', 'Alteromo
nadales', 'Vibrionales', 'Oceanospirillales', 'Burkholderiales', 'Rh
izobiales', 'Pseudonocardiales', 'Streptomycetales', 'Micrococcale
s', 'Streptosporangiales', 'Corynebacteriales', 'Bacillales', 'Clost
ridiales', 'Eurotiales', 'Hypocreales', 'Sordariales', 'Pleosporale
s', 'Capnodiales', 'Agaricales', 'Polyporales', 'Mucorales',6 'Mortie
rellales', 'Other']

[9.069767441860465, 2.558139534883721, 2.0930232558139537, 1.8604651
162790697, 1.1627906976744187, 0.6976744186046512, 9.30232558139535,
0.9302325581395349, 6.279069767441861, 5.5813953488372094, 3.2558139
53488372, 2.7906976744186047, 1.8604651162790697, 12.32558139534883
8, 0.9302325581395349, 11.395348837209303, 6.511627906976744, 0.6976
744186046512, 3.0232558139534884, 2.0930232558139537, 1.162790697674
4187, 1.1627906976744187, 2.3255813953488373, 0.6976744186046512, 1
0.232558139534888]

[ 'Pseudomonadaceae', 'Moraxellaceae', 'Enterobacteriaceae', 'Xanthom
onadaceae', 'Alteromonadaceae', 'Vibrionaceae', 'Comamonadaceae', 'B
urkholderiaceae', 'Alcaligenaceae', 'Pseudonocardiaceae', 'Streptomy
cetaceae', 'Micrococcaceae', 'Microbacteriaceae'’, 'Nocardiopsaceae’,
'Nocardiaceae', 'Bacillaceae', 'Paenibacillaceae', 'Aspergillaceae’,
'Trichocomaceae', 'Nectriaceae', 'Cordycipitaceae', 'Hypocreaceae',
'Pleosporaceae', 'Cladosporiaceae', 'Other']

[7.177033492822966, 2.15311004784689, 1.4354066985645932, 2.15311004
784689, 1.1961722488038278, 1.1961722488038278, 4.0669856459330145,

2.3923444976076556, 1.1961722488038278, 6.4593301435406705, 5.741626
794258373, 1.4354066985645932, 1.1961722488038278, 1.196172248803827
8, 1.4354066985645932, 7.655502392344498, 2.631578947368421, 9.09090
9090909092, 1.9138755980861244, 1.674641148325359, 1.196172248803827
8, 1.1961722488038278, 1.674641148325359, 1.9138755980861244, 30.622

009569377962]

[ 'Pseudomonas', 'Acinetobacter', 'Stenotrophomonas', 'Vibrio', 'Acid
ovorax', 'Burkholderia', 'Amycolatopsis', 'Saccharothrix', 'Streptom
yces', 'Thermobifida', 'Rhodococcus', 'Bacillus', 'Lysinibacillus',
'Brevibacillus', 'Paenibacillus', 'Aspergillus', 'Penicillium', 'Tal
aromyces', 'Fusarium', 'Trichoderma', 'Alternaria', 'Cladosporium',
'Other']

[6.712962962962964, 1.6203703703703702, 1.3888888888888888, 1.157407
4074074074, 1.1574074074074074, 0.9259259259259258, 2.31481481481481
5, 1.6203703703703702, 5.324074074074074, 0.9259259259259258, 1.1574
074074074074, 5.092592592592593, 0.9259259259259258, 1.3888888888888

file:///home/victor/Dropbox/Others/Victor/Component 1/Literature/Files/Degraders_table/PlasticDegradersTree/Tree_tutorial.h... 28/108



29/10/2020
888, 0.9259259259259258, 4.861111111111112, 3.7037037037037033,

74074074074074, 1.6203703703703702,
259258, 1.8518518518518516, 50.4629629629629]
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Generating number of plastic types degraded by each
species
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In [42]:

number of plastic types dict = {}
for index, row in df.iterrows():
plastic = row['Plastic']
tax _id = row['Tax ID']
if tax id not in number of plastic types dict:
number of plastic types dict[tax id] = [plastic]
else:
if plastic not in number of plastic types dict[tax id]:
number of plastic types dict[tax id].append(plastic)

number of plastic types list = []

for key, value in number of plastic types dict.items():
number of plastic types list.append([len(value), key])

number of plastic types list.sort()

print(number of plastic types list)

file:///home/victor/Dropbox/Others/Victor/Component 1/Literature/Files/Degraders_table/PlasticDegradersTree/Tree_tutorial.h... 31/108



29/10/2020 Tree_tutorial

(r1, 1921, [1, 2321, [1, 2391, [1, 285], [1, 293], [1, 301], [1, 31
71, [1, 3541, [1, 358], [1, 4791, [1, 549], [1, 5731, [1, 599], [1,
6781, [1, 876], [1, 959], [1, 1085], [1, 1273], [1, 1288], [1, 130
6], [1, 1397], [1, 1405], [1, 1422], [1, 1479], [1, 1482], [1, 167
31, [1, 1720], [1, 1785], [1, 1824], [1, 1829], [1, 1830], [1, 183
31, [1, 1877], [1, 1881], [1, 1887], [1, 1952], [1, 2017], [1, 202
o], [1, 2026], [1, 2030], [1, 2065], [1, 2072], [1, 4847], [1, 504
1], [1, 5045], [1, 5046], [1, 50771, [1, 5078], [1, 5079], [1, 508
2], [1, 5325], [1, 5341], [1, 5365], [1, 5481], [1, 5516], [1, 553
0], [1, 5537], [1, 55411, [1, 5599], [1, 12917], [1, 28031], [1, 280
66], [1, 28095], [1, 28454], [1, 28565], [1, 285741, [1, 28576], [1,
293821, [1, 294461, [1, 29494], [1, 29523], [1, 29875], [1, 33050],
[1, 33907], [1, 33919], [1, 33920], [1, 33921], [1, 33941], [1, 3403
8], [1, 34381], [1, 35703], [1, 35841], [1, 36080], [1, 36460], [1,
36630], [1, 36655], [1, 36773], [1, 37482], [1, 38945], [1, 40412],
[1, 40483], [1, 40571], [1, 40658], [1, 41061], [1, 41413], [1, 4195
9], [1, 43355], [1, 437671, [1, 44252], [1, 44672], [1, 44751], [1,
452771, [1, 46173], [1, 47763], [1, 47877], [1, 47878], [1, 47886],
[1, 48100], [1, 48296], [1, 48865], [1, 49224], [1, 50741], [1, 5151
31, [1, 51671], [1, 53356], [1, 54914], [1, 54915], [1, 56811], [1,
58117], [1, 59298], [1, 59754], [1, 60443], [1, 60552], [1, 60912],
[1, 61645], [1, 61652], [1, 63820], [1, 63821], [1, 64104], [1, 6451
8], [1, 64636], [1, 66867], [1, 67342], [1, 67826], [1, 69393], [1,
69763], [1, 697731, [1, 69784], [1, 69808], [1, 70808], [1, 71999],
[1, 75292], [1, 75612], [1, 76759], [1, 76760], [1, 78556], [1, 8472
4], [1, 85698], [1, 85828], [1, 86188], [1, 86668], [1l, 86839], [1,
914921, [1, 929501, [1, 93594], [1, 94624], [1, 94625], [1, 103731],
[1, 103733], [1, 103734], [1, 103836], [1, 104355], [1, 108980], [1,
1190781, [1, 128442], [1, 134375], [1, 137658], [1, 137662], [1, 143
450], [1, 154046], [1, 155003], [1, 169177], [1, 175245], [1, 18028
2], [1, 181124], [1, 196015], [1, 197461], [1, 198730], [1, 199592],
[1, 202952], [1, 215132], [1, 216778], [1, 218284], [1, 226011], [1,
226117], [1, 2361001, [1, 241728], [1, 254161], [1, 264951], [1, 293
386], [1, 2933871, [1, 295352], [1, 310350], [1, 319939], [1, 32476
81, [1, 332410], [1, 335286], [1, 365349], [1, 401470], [1, 405444],
[1, 415216], [1, 454130], [1, 476551], [1, 4776891, [1, 483545], [1,
4876981, [1, 521520], [1, 547461], [1, 570156], [1, 581189], [1, 582
475], [1, 589330], [1, 592050], [1, 671092], [1, 693231], [1, 79632
5], [1, 887085], [1, 887100], [1, 929575], [1, 941527], [1, 979712],
[1, 1036739], [1, 1105325], [1, 1136066], [1, 1148157], [1, 170770
1], [1, 1715220], [1, 1755431], [1, 1756125], [1, 1758471], [1, 1769
349], [1, 1849494], [1, 1869214], [1, 1869345], [1, 1871049], [1, 18
71054], [1, 1871086], [1, 1871184], [1, 1871332], [1, 1871623], [1,
18720941, [1, 18724371, [1, 18984401, [1, 1902915], [1, 1914427],

[1, 1934313], [1, 1963841], [1, 1981611], [1, 2044285], [1, 242020
41, [2, 292], [2, 300], [2, 511], [2, 512], [2, 663], [2, 670], [2,
6871, [2, 12701, [2, 1271], [2, 1282], [2, 1421], [2, 1428], [2, 148
8], [2, 1911], [2, 1934], [2, 1941], [2, 4929], [2, 4959], [2, 505
71, [2, 5068], [2, 55471, [2, 27334], [2, 28214], [2, 28572], [2, 29
3871, [2, 29856], [2, 34413], [2, 37998], [2, 38033], [2, 40383],

[2, 41276], [2, 43354], [2, 46472], [2, 47881], [2, 50422], [2, 5340
81, [2, 53522], [2, 54061], [2, 58343], [2, 61235], [2, 63131], [2,
646471, [2, 65048], [2, 67313], [2, 67581], [2, 68192], [2, 69780],
[2, 72361], [2, 75750], [2, 76021], [2, 76022], [2, 76761], [2, 7985
81, [2, 80867], [2, 86664], [2, 105351], [2, 114497], [2, 117187],
[2, 144786], [2, 188908], [2, 409290], [2, 412384], [2, 413882], [2,
4370171, [2, 5531511, [2, 587753], [2, 653930], [2, 676599], [2, 797
2771, [2, 7980711, [2, 936053], [2, 1407621], [2, 1547922], [2, 1708
7831, [2, 1715235], [2, 1715236], [2, 1755435], [2, 1871614], [2, 18
716181, [2, 1872427]1, [2, 1873897], [2, 1886637], [2, 1934310], [2,
19706441, [2, 1981612], [2, 1982014], [2, 2046025], [2, 2050588],
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[3, 266], [3, 470], [3, 4711, [3, 1390], [3, 1402], [3, 1404], [3, 1
491]1, [3, 1814], [3, 2021], [3, 5087], [3, 53311, [3, 29917], [3, 33
178], [3, 339381, [3, 40215], [3, 40324], [3, 40382], [3, 45462],

[3, 47920], [3, 51101], [3, 69781], [3, 89141], [3, 106590], [3, 215
580], [3, 3800211, [3, 857252], [3, 1707700], [3, 1960874], [4, 139
1], [4, 1816], [4, 1893], [4, 53221, [4, 5544], [4, 29443], [4, 3195
8], [4, 33203], [4, 33910], [4, 34028], [4, 36819], [4, 37632], [4,
64495], [4, 68258], [4, 69488], [4, 75659], [4, 76020], [4, 104087],
[4, 162425], [4, 163361], [4, 208445], [4, 859144], [4, 1872122],

[4, 2046349], [5, 294], [5, 303], [5, 615], [5, 1393], [5, 1451],

[5, 1831], [5, 1892], [5, 1989], [5, 5059], [5, 5062], [5, 5418],

[5, 5580], [5, 34030], [5, 340731, [5, 42895], [5, 67358], [5, 6824
71, [5, 84753], [5, 1715253], [5, 1882945], [6, 5065], [6, 5076],

[6, 5081], [6, 5507], [6, 29916], [6, 43263], [6, 58172], [6, 6939
2], [6, 76731], [7, 16671, [7, 1852], [7, 806866], [8, 316], [8, 139
6], [8, 1423], [8, 5061], [8, 77133], [9, 329], [9, 169388], [10, 28
71, [1e0, 5306], [11, 746128], [13, 1408], [14, 1931], [16, 1409], [1
7, 306]]

Generating relative abundance for each taxonomic
level

In [43]:

x = get rank count percentage("phylum", ids)
sorted x = sorted(x.items(), key=operator.itemgetter(1l))

for key, value in sorted x:

print(ncbi.get taxid translator([key])[key]+"\t"+ncbi.get rank([key])[key]+"

\t"+str(value))

Cyanobacteria phylum 0.4608294930875576
Bacteroidetes phylum 0.6912442396313364
Mucoromycota phylum 2.995391705069124
Basidiomycota phylum 4.377880184331797

Firmicutes phylum 13.82488479262673
Actinobacteria phylum 20.276497695852534
Ascomycota phylum 26.95852534562212

Proteobacteria phylum 30.414746543778804

Geting number of plastics degraded by each
taxon
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In [12]:

tax id to check = 286
plastic types list = []
for index, row in df.iterrows():

plastic = row['Plastic']

tax id = row['Tax ID']

lineage = ncbi.get lineage(tax id)

for tax id lineage in lineage:

if tax id to check == tax id lineage and plastic not in plastic types 1i
st:
plastic types list.append(plastic)

print(plastic_types list)
print(len(plastic types list))

['PHB', 'PE', 'PS', 'PVC Blend', 'HDPE', 'LDPE', 'PBSA', 'PU Blend',
‘PU', 'PESu', 'PET', 'PCL', 'P3HO', 'PHA', 'PHBV', 'PHPV', 'PP', 'PV
c', 'PHO', 'PLA', 'PBS', 'P(3HB-co-3MP)', 'P(3HB-co-4HB)', 'PHC', 'P
BAT', 'PHA Blend', 'PHN', 'PS Blend', 'PVA', 'O-PVA', 'PEG', 'PES',
"P3HP', 'P4HB', 'PEA']

35

Creating tree with all phyla

In [107]:

rank dict = {}
rank = "phylum"
for tax id in ids:
lineage = ncbi.get lineage(tax id)
for tax id lineage in lineage:
sub_rank = "sub"+rank
if rank in str(ncbi.get rank([tax id lineage])) and sub rank not in
str(ncbi.get rank([tax id lineage])):
rank dict[tax id lineage] =1
f = open("itol datasets/all phyla colors.txt", "w")
f.write("""TREE COLORS
SEPARATOR COMMA
DATA
)
phyla list = []
for key, value in rank dict.items():
phyla list.append(key)
if key in rank dict degraders:
f.write("\n"+str(key)+",label,#000000,bold,1")
else:
f.write("\n"+str(key)+",label,#000000,normal,1")
f.write("\nlIl, range,#c8df99,Bacteria")
.write("\nI46, range,#b5c0dc,Fungi")
f.close()

—

t all phyla = ncbi.get topology(phyla list, intermediate nodes=True)
t all phyla.write(format=8, outfile="tree all phyla.nw")
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Downloadina rRNA <senilences from Sl VA
In [115]:

# create directory("silva")

# df2.to csv(r'df2.csv')
# t.write(format=5, outfile="tree 0.nw")

# o0s.system("wget https://www.arb-silva.de/fileadmin/silva databases/current/Exp
orts/SILVA 138 SSURef tax silva.fasta.gz > silva/SILVA 138 SSURef tax silva.fast
a.gz")

# os.system("gunzip silva/SILVA 138 SSURef tax silva.fasta.gz")

# ids = df2.index.values

file silva = open("silva/SILVA 138 SSURef tax silva.fasta")
silva = file silva.readlines()

f = open("silva/seqs.fasta", "w")

for item in ids:
sci name = ncbi.get taxid translator([item])[item]
to print = False
for line in silva:

if to print == True and line[0Q] == ">":
to print = False
break

if to print == True:

f.write(line.replace("U","T"))

if sci name in line:
f.write(line.replace(">", ">"+str(item)+" "))
to print = True

f.close()

Alighing sequences with MAFFT and creating tree with
FastTree
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In [118]:

# os.system("module load MAFFT")
os.system("mafft --reorder --auto silva/seqs.fasta > silva/seqs aligned.fasta")

#Download trimal
os.system("wget http://trimal.cgenomics.org/ media/trimal.vl.2rev59.tar.gz")

# # Should first extract and build trimal (go to source directory and run "mak

e")

os.system("trimal -in silva/seqs aligned.fasta -out silva/seqs trimal.fasta -gt
0.3 -st 0.001")

os.system("FastTree -gtr -nt silva/seqs trimal.fasta > silva/tree.tre")

t = Tree("silva/tree.tre", format=1)

t.write(format=5, outfile="silva/tree.nw")

# Should add :0 before last ";" of tree file to create a rooted tree

Testing phylogenetic sighal with CAPER

In [27]:
%Lload_ext rpy2.ipython

The rpy2.ipython extension is already loaded. To reload it, use:
sreload ext rpy2.ipython

In [65]:

%%R -1 df2
# Run bellow line if CAPER package is not installed
# install.packages("caper", lib="'~/RPackages', repos = "http://cran.us.r-project.
org")
library("caper", lib.loc='~/RPackages')
degraders tree = read.tree("silva/tree2.nw")
df2$TaxID = rownames(df2)
for (plastic in colnames(df2)[-c(28)]){
colnames (df2) [which(names(df2) == plastic)] <- "PlasticType"
PlasticDegraders <- comparative.data(degraders tree, df2, TaxID)
PlasticDegradersPhyloD <- phylo.d(PlasticDegraders,binvar=PlasticType, permu
t=1000)
results string = capture.output(print(PlasticDegradersPhyloD))
cat(paste("Plastic type:",plastic), results string, file="silva/caper result
s.txt", sep="\n", append=TRUE)
colnames (df2) [which(names(df2) == "PlasticType")] <- plastic
}

R[write to console]: Error in phylo.d(PlasticDegraders, binvar = Pla
sticType, permut = 1000)

"PlasticType' only contains a single state.
Calls: <Anonymous> -> <Anonymous> -> withVisible -> phylo.d

Error in phylo.d(PlasticDegraders, binvar = PlasticType, permut = 10
00) :

'"PlasticType' only contains a single state.
Calls: <Anonymous> -> <Anonymous> -> withVisible -> phylo.d
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In [76]:

file caper = open("silva/caper results.txt")
caper = file caper.readlines()
df3 = pd.DataFrame(columns=["Plastic type", "D", "Ramdon P", "Brownian P"])
n==~0
for line in caper:
if line.startswith("Plastic type:"):
plastic type = line.split("Plastic type: ")[1].rstrip()
if line.startswith("Estimated D : "):
d var = line.split("Estimated D : ")[1].rstrip()
if line.startswith("Probability of E(D) resulting from no (random) phylogene
tic structure : "):
ramdon var = line.split("Probability of E(D) resulting from no (random)
phylogenetic structure : ")[1l].rstrip()
if line.startswith("Probability of E(D) resulting from Brownian phylogenetic
structure ")
brownian var = line.split("Probability of E(D) resulting from Brownian p

hylogenetic structure 0 ")[11.rstrip()
df3.loc[n] = [plastic type,d var,ramdon var,brownian var]
n+=1

indexNames = []
for index, row in df3.iterrows():

pbrownian = float(row['Brownian P'])

if pbrownian >= 0.05:

indexNames.append(index)

df3.drop(indexNames , inplace=True)
df3.sort values(by=["D"], inplace=True, ascending=True)
df3
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Plastic type D Ramdon P BrownianP

53 PLA 0.5399028 0 0
39 PET 0.620899 0.007 0.004
42 PHB 0.6979981 0 0
22 PBS 0.7177863 0.016 0
31 PE 0.7414772 0 0
2 HDPE 0.7497654 0.041 0
3 LDPE 0.7812652 0.007 0
63 PU 0.8080182 0.019 0
18 P3HP 0.8428069 0.346 0.03
29 PCL 0.8548274 0.012 0
40 PHA 0.8591362 0.166 0
65 PVA 0.8668528 0.299 0.003
48 PHC 0.8836205 0.348 0.009
28 PC 0.8916778 0.386 0.022
46 PHBV 0.9273307 0.311 0
68 PVC.Blend 0.9460919 0.465 0.04
58 PS 0.9581901 0.424 0.002
56 PP 0.9861051 0.469 0
25 PBSA  1.004157 0.519 0
33 PEA 1.012694 0.548 0.022
37 PES  1.198228 0.793 0
7 Nylon  1.204281 0.75 0
51 PHPV  1.632112 0.738 0.045
10 Nylon.6 12.0656 0.997 0
6 Mater.Bi  3.244554 0.961 0.003
35 PEF  3.392188 0.962 0.002
16 P.3HB.co.4HB. 4.469046 0.876 0.034

Creating tree with plastic degrading enzymes blasted

against nr database
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In [44]:

create directory("online blast")

#Blast individual protein sequences using online blastp tool
#Filter to e-value of le-6 and percent identity of > 25%
#Dowload report in txt format and save in the online blast folder

#0s.system('grep "~>" online blast/Ideonella sakaiensis PETase.txt | sed s/"\[\
[“/"\["/g | cut -f2 -d"[" | sed s/"\]"/""/g | sort -u > online blast/Ideonella s

akaiensis PETase species.txt')

#o0s.system('grep "">" online blast/Saccharomonospora viridis Cutinase.txt | sed
s/"\[\["/"\["/g | cut -f2 -d"[" | sed s/"\]"/""/g | sort -u > online blast/Sacc

haromonospora viridis Cutinase species.txt')

#o0s.system('grep "~>" online blast/Fusarium verticillioides Cutinase.txt | sed
s/"\[\["/"\["/g | cut -f2 -d"[" | sed s/"\]"/""/g | sort -u > online blast/Fusa
rium verticillioides Cutinase species.txt')

blastsl species, blasts2 species, blasts3 species, = {}, {}, {}
file blastsl = open("online blast/Ideonella sakaiensis PETase species.txt")
blastsl = file blastsl.readlines()
for line in blastsl:
if line.rstrip() not in blastsl species:
blastsl species[line.rstrip()] = 0

file blasts2 = open("online blast/Saccharomonospora viridis Cutinase species.tx
.tll)
blasts2 = file blasts2.readlines()
for line in blasts2:
if line.rstrip() not in blasts2 species:
blasts2 species[line.rstrip()] = 0

file blasts3 = open("online blast/Fusarium verticillioides Cutinase species.txt"

)
blasts3 = file blasts3.readlines()
for line in blasts3:
if line.rstrip() not in blasts3 species:
blasts3 species[line.rstrip()] = 0

all species dict = {**blastsl species, **blasts2 species, **blasts3 species}

all species list []
for key, value in all species dict.items():
all species list.append(key)

y axis = ["Tax id", "Ideonella sakaiensis PETase",
"Saccharomonospora viridis Cutinase", "Fusarium verticillioides Cutina
sell]

df4 = pd.DataFrame(0, index=all species list, columns=y axis)
df4.sort index(inplace=True)
df4.sort_index(axis=1, inplace=True)

for index, row in df4.iterrows():
if row["Tax id"] == 0O:
name2taxid = ncbi.get name translator([index])
if "{}" not in str(name2taxid):
df4["Tax id"][row.name] = str(name2taxid).split("[")[1].split("]")[0O

]
df4.tail(20)
df4.to csv(r'dfd.csv')
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/home/vmar559/PyPackages/lib/python3.7/site-packages/ipykernel launc
her.py:47: SettingWithCopyWarning:
A value is trying to be set on a copy of a slice from a DataFrame

See the caveats in the documentation: http://pandas.pydata.org/panda
s-docs/stable/indexing.html#indexing-view-versus-copy

Reading curated file
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In [48]:

df4 = pd.read csv("df4 curated.csv", index col=0)
#Visualize part of the dataset.
for index, row in df4.iterrows():
species = index
if species in blastsl species:
row[ 'Ideonella sakaiensis PETase'] =1
if species in blasts2 species:
row[ 'Saccharomonospora viridis Cutinase'] =1
if species in blasts3 species:
row[ 'Fusarium verticillioides Cutinase'] =1
df4.tail(20)
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Out[48]:

Fusarium_verticillioides_Cutinase Ideonella_sakaiensis_PETase Saccharomo

Zymoseptoria

brevis 1 0

Zymoseptoria 1 0
tritici IPO323
Zymoseptoria

tritici 1 0
ST99CH_1A5
Zymoseptoria

tritici 1 0
ST99CH_1E4
Zymoseptoria

tritici 1 0
ST99CH_3D1
Zymoseptoria

tritici 1 0
ST99CH_3D7
fungal sp.

No.11243 1 0

fungal sp. 1 0
No0.14919

synthetic 1 1
construct

unclassified 0 1
Actinoalloteichus
unclassified

" . 0 1
Aeromicrobium
unclassified

i 0 1
Amycolatopsis
unclassified

0 0
Glycomyces
unclassified

. 0 1
Micromonospora

unclassified 0 1
Nocardioides
unclassified

. g 0 0
Nocardiopsis
unclassified

0 1
Pelomonas
unclassified

0 1
Pseudomonas

unclassified 0 1
Streptomyces
uncultured

. 0 1
bacterium
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Download all aenomes from NCBI
In [12]:

create directory("all genomes")

os.system("wget ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/bacteria/assembly summ

ary.txt")
os.system("mv assembly summary.txt all genomes/")

os.system("wget ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/assembly summar

y.txt")

os.system("tail -n+3 assembly summary.txt >> all genomes/assembly summary.txt")
os.system("wget ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/archaea/assembly summa

ry.txt")

os.system("tail -n+3 assembly summary.txt >> all genomes/assembly summary.txt")

f = open("all genomes/assembly summary.txt", "r")
file = f.readlines()
tax_id dict = {}
for line in file[2:]:
tax_id = line.split("\t")[5]
if tax _id not in tax id dict:
create directory("all genomes/"+str(tax id))

os.system("ncbi-genome-download -s genbank --format fasta --taxid "+str(

tax id)+" -r 5 -o all genomes/"+str(tax id)+"/ fungi,bacteria,archaea &")
time.sleep(2)
tax id dict[tax id] =1

os.system("rm assembly summary.txt")

os.system("rm all genomes/assembly summary.txt")

Blasting genes against genomes
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In [16]:

# #Adding the TAX ID to all sequence names

# directories list = o0s.listdir("all genomes/")

# create directory("all genomes database")

# os.system("touch all genomes database/genomes. fasta")

# for directory in directories list:

# 0s.system("zcat all genomes/"+directory+"/genbank/*/*/*genomic.fna.gz | se
d s/'~>"'/'>"+directory+" "+"'/g >> all genomes database/genomes.fasta")

# #Creating BLAST database

# job time = "12:00:00"

# job_memory = "8GB"

# job cpus =1

# job _name = "blast db"

# job _command = "makeblastdb -in all genomes database/genomes.fasta -dbtype nuc
lll

# run _command(run on slurm, account, job name, job time, job memory, job cpus, j
ob command)

# Sending BLAST jobs

enzyme id dict = {}

create directory("all genomes blasts")

job time = "08:00:00"

job memory = "2GB"

job cpus = 12

for index, row in df.iterrows():
sequence = row["Sequence"]
enzyme id = row["Enzyme ID"]

enzyme name = str(row["Database Enzyne Name"]).replace(" | ", " ").replace(
n II, "7") .replace(ll(ll’ n II) . replace(ll)ll’ n II)
if pd.notna(enzyme id) == True:

if enzyme id not in enzyme id dict:

enzyme id dict[enzyme id] = 0

job name = enzyme id

job command = "echo '"+sequence+"' | tblastn -query - -db all genome
s database/genomes.fasta -out all genomes blasts/"+enzyme name+".tsv -outfmt 6 -
num_threads 12"

print(job_command)

run_command(run_on slurm, account, job name, job time, job memory, j
ob cpus, job command)

time.sleep(2)
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echo 'MHLPRSRWDIPFKEETTMTHHFSVRALLAAGALLASAAVSAQTNPYERGPAPTTSSLEASRG
PFSYQSFTVSRPSGYRAGTVYYPTNAGGPVGAIAIVPGFTARQSSINWWGPRLASHGFVVITIDTNST
LDQPDSRSRQQMAALSQVATLSRTSSSPIYNKVDTSRLGVMGWSMGGGGSLISARNNPSIKAAAPQAP
WSASKNFSSLTVPTLITIACENDTIAPVNQHADTFYDSMSRNPREFLEINNGSHSCANSGNSNQALLGK
KGVAWMKRFMDNDRRYTSFACSNPNSYNVSDFRVAACN' | tblastn -query - -db all g
enomes database/genomes.fasta -out all genomes blasts/00024 PBS-dep
olymerase Acidovorax delafieldii PBS.tsv -outfmt 6 -num threads 8

echo 'MAFNFIRAAAAGAAIALCGVASVHAAVNLPALKIDKTQTTVSGLSSGGFMAVQLHVAYSATF
AKGVGVVAGGPFYCAEGSVVNATGRCMASPTGIPTSTLVNTTNTWAGQGVIDPVANLQNSKVYLFSGT
LDSVVKTGVMDALRTYYNSFVPAANVVYKKDIASEHAMVTDDYGNGCSTKGAPYISDCNFDLAGAMLQ
HLYGTLNARNNATLPSGNFIEFNQSEFISNHGMATTGWAYVPQACQAGGTATCKLHVVLHGCKQNVND
VQQQYVRNTGYNRWADSNNIVMLYPQTSLAATNSCWDWWGYDSANYSKKSGPQMAAIKAMVDRVGSGG
TTNPPVDLPAPTGVKPSGATASSMAIGWNAVSGGPSYNVYRNGNKTNALPVTATNFTDTGLAASTTYS
WTVRAADGNGAEGAVSAAASGTTLAASGGGTGTCTTASNYAHTMAGRAYVYGGYTFALGSNQSMGLWN
IFVNKTLKQTSPNYYVIGTCP' | tblastn -query - -db all genomes database/g
enomes.fasta -out all genomes blasts/00014 PHB-depolymerase Acidov
orax sp. PHB PPL.tsv -outfmt 6 -num threads 8

echo '"MNTTPVHALTDIDGGIAVDPAPRLAGPPVFGGPGNDAFDLAPVRSTGREMLRFDFPGVSIGA
AHYEEGPTGATVIHIPAGARTAVDARGGAVGLSGGYDFNHAICLAGGASYGLEAGAGVSGALLERLEY
RTGFAEAQLVSSAVIYDFSARSTAVYPDKALGRAALEFAVPGEFPQGRAGAGMSASAGKVDWDRTEIT
GQGAAFRRLGDVRILAVVVPNPVGVIMDRAGTVVRGNYDAQTGVRRHPVFDYQEAFAEQVPPVTEAGN
TTISAIVTNVRMSPVELNQFAKQVHSSMHRGIQPFHTDMDGDTLFAVTTDEIDLPTTPGSSRGRLSVN
ATALGAIASEVMWDAVLEAGK' | tblastn -query - -db all genomes database/g
enomes.fasta -out all genomes blasts/00065 Nylon-hydrolase Agromyc
es sp. Nylon.tsv -outfmt 6 -num threads 8

echo 'MLRFDFPGVSIGAAHYEEGPTGATVIHIPAGARTAVDARGGAVGLSGGYDFNHAICLAGGAG
YGLEAGAGVSGALLERLEYRTGFAELQLVSSAVIYDFSARSTAVYPDKALGRAALEFAVPGEFPQGRA
GAGMSASAGKVDWDRTEITGQGAAFRRLGDVRILAVVVPNPVGVIVDRAGTVVRGNYDAQTGVRRHPV
FDYQEAFAEQVPPVTEAGNTTISAIVTNVRMSPVELNQFAKQVHSSMHRGIQPFHTDMDGDTLFAVTT
DEIDLPTTPGSSRGRLSVNATALGAIASEVMWDAVLEAGK' | tblastn -query - -db all
_genomes database/genomes.fasta -out all genomes blasts/00042 Nylon
-Oligomer-Degrading-Enzyme Agromyces sp. Nylon.tsv -outfmt 6 -num
threads 8

echo 'MNARSTGQHPARYPGAAAGEPTLDSWQEAPHNRWAFARLGELLPTAAVSRRDPATPAEPVVR
LDALATRLPDLEQRLEETCTDAFLVLRGSEVLAEYYRAGFAPDDRHLLMSVSKSLCGTVVGALIDEGR
IDPAQPVTEYVPELAGSVYDGPSVLQVLDMQISIDYNEDYVDPASEVQTHDRSAGWRTRRDGDPADTY
EFLTTLRGDGGTGEFQYCSANTDVLAWIVERVTGLRYVEALSTYLWANVDADRDATITVDQTGFGFAN
GGVSCTARDLARVGRMMLDGGVAPGGRVVSQGWVESVLAGGSREAMTDEGFTSAFPEGSYTRQWWCTG
NERGNVSGIGIHGQNLWLDPRTDSVIVKLSSWPDPDTRHWHGLQSGILLDVSRALDAV' | tblast
n -query - -db all genomes database/genomes.fasta -out all genomes b
lasts/00043 Nylon-Oligomer-Degrading-Enzyme Agromyces sp. Nylon.t
sv -outfmt 6 -num threads 8

echo 'MNARSTGQHPARYPGAAAGEPTLDSWQEAPHNRWAFARLGELLPTAAVSRRDPATPAEPVVR
LDALATRLPDLEQRLEETCTDAFLVLRGTEVVAEYYRAGFAPDDRHLLMSVSKSLCGTVVGALVDEGR
IDPAQPVTEYVPELAGSVYDGPSVLQVLDMQISIDYNEDYVDPASEVQTHGRSAGWRTRRHGDPADTY
EFLTTLRGDGSTGEFQYCSANTDVLAWIVERVTGLRYVEALSTYLWAKLDADRDATITVDTTGFGFAH
GGVSCTARDLARVGRMMLDGGVAPGGRVVSEDWVRRVLAGGSHEAMTDKGFTNTFPDGSYTRQWWCTG
NERGNVSGIGIHGQNLWLDPLTDSVIVKLSSWPDPDTEHWHRLQNGILLDVSRALDAV' | tblast
n -query - -db all genomes database/genomes.fasta -out all genomes b
lasts/00044 Nylon-Oligomer-Degrading-Enzyme Agromyces sp. Nylon.t
sv -outfmt 6 -num threads 8

echo '"MNTTPVHALTDIDGGIAVDPAPRLAGPPVFGGPGNDAFDLAPVRSTGREMLRFDFPGVSIGA
AHYEEGPTGATVIHIPAGARTAVDARGGAVGLSGGYDFNHAICLAGGASYGLEAGAGVSGALLERLEY
RTGFAEAQLVSSAVIYDFSARSTAVYPDKALGRAALEFAVPGEFPQGRAGAGMSASAGKVDWDRTEIT
GQGAAFRRLGDVRILAVVVPNPVGVIMDRAGTVVRGNYDAQTGVRRHPVFDYQEAFAEQVPPVTEAGN
TTISAIVTNVRMSPVELNQFAKQVHSSMHRGIQPFHTDMDGDTLFAVTTDEIDLPTTPGSSRGRLSVN
ATALGAIASEVMWDAVLEAGK' | tblastn -query - -db all genomes database/g
enomes.fasta -out all genomes blasts/00045 Nylon-0Oligomer-Degrading
-Enzyme Agromyces sp. Nylon.tsv -outfmt 6 -num threads 8

echo 'MTSRPMRSLVIAFLTLVAAAAPALAGAGAWQNNLSLGGFNKVHLYTPDGDSPVGNGKALLIV
LHGCTQSIDAYKTANLEVAAEEYGMVVAVPDAMNKAGFSCWSYWQGTKSRSAGDYKNLINLANTLSGD
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AARGIDPNQVYIAGLSSGASFANTTACLAPDVFAGVGVSAGPSVGTSSSGAIGTCEQADVESRCRDLG
GGYQSAFDTQVASIAHGDADTTVDTCYNRQNAEGMAGLYGVSEVAGSTVINADGGSAEEFLWQDGRVS
MLWFHGLDHSWSGGQGASGSYVSGASINYARYLGGFFAEHNARIDRNRVPTLAQVDVTASADRIQVSG
QASDEDGTVSSVAIVIEGVNGGGATLAAAIDNNGYFQATSDPLADGLYTVAVTAADDDGGESEPAIRT
VRVGPEPPASAPVLSDIAVSVDGQCATVSGQVVDENQDLAGVTVTFASGVRAAGIDGVRYSARACDLP
GGAQNATVSAEDEGGLSSGDQIDFVIDAGQTATLDQHISAGRLDYTNYADCYLEYGADAFKLTEATVS
GQCQWQDDDASCAGPVQACSGAGGGGDPQPQPGDECQTQSTYNYYHKVAGRAYSTGNYYAPDYFAQGS
DEPMAGSTWGLTALYSEDGGNVWRLGECP' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00012 PHB-depolymerase
__Alcaligenes faecalis PHB.tsv -outfmt 6 -num threads 8

echo '"MRGVWRYMPVYYYKCMLIPLLTFTKISIISKPQESRISLIICRTMPTVATFLGLAISGAAMA
SGAALGAYNVDPNSISVSGLSSGGFMSAQLGVAYSDTFKVGFGVFAGGPYDCARGQSYTTCMYNQNPS
ITTPVANMKSWSGNKINPVSNLQSRKIYMWTGTADTTVGPNVMSQLKTQLANFASAANVSYITTSGAA
HTFPTDFDAAGDNSCSSSVSPYISNCQCDGAGAVLQWMYGPLNARNPGTLSGSIVSFSQTGEYGASGM
DTTGYLYVPRACQPGSSTVCKLHVALHGCKQSYSMIGSKFVSNTGYNMWADTNDIIILYPQAVADNTM
HTIWTGMPLPNPNGCWDWVGWYGANADQVGGVQMAAIVNQVARVVSGYGAGSSSSTTAATPTTTTGSI
TTTTTTTATVTTTAVAPLYGQCGGIGWTGPTACATGVCTAYSPYYAQCLLIV' | tblastn -que
ry - -db all genomes database/genomes.fasta -out all genomes blasts/
00100 Esterase Aspergillus fumigatus PBS PCL PES PHB PLA.tsv -out
fmt 6 -num threads 8

echo 'MHLRNIVIALAATAVASPVDLQDRQLTGGDELRDGPCKPITFIFARASTEPGLLGISTGPAV
CNRLKLARSGDVACQGVGPRYTADLPSNALPEGTSQAAIAEAQGLFEQAVSKCPDTQIVAGGYSQGTA
VMNGAIKRLSADVQDKIKGVVLFGYTRNAQERGQIANFPKDKVKVYCAVGDLVCLGTLIVAPPHFSYL
SDTGDASDFLLSQLG' | tblastn -query - -db all genomes database/genome

s.fasta -out all genomes blasts/00063 Cutinase Aspergillus oryzae
_PBSA.tsv -outfmt 6 -num threads 8

echo 'SPVDLQDRQLTGGDELRDGPCKPITFIFARASTEPGLLGISTGPAVCNRLKLARSGDVACQG
VGPRYTADLPSNALPEGTSQAAIAEAQGLFEQAVSKCPDTQIVAGGYSQGTAVMNGAIKRLSADVQDK
IKGVVLFGYTRNAQERGQIANFPKDKVKVYCAVGDLVCLGTLIVAPPHFSYLSDTGDASDFLLSQLG'
| tblastn -query - -db all genomes database/genomes.fasta -out all g
enomes blasts/00051 Cutinase Aspergillus oryzae PCL.tsv -outfmt 6
-num_threads 8

echo 'MHLRNIVIALAATAVASPVDLQDRQLTGGDELRDGPCKPITFIFARASTEPGLLGISTGPAV
CNRLKLARSGDVACQGVGPRYTADLPSNALPEGTSQAAIAEAQGLFEQAVSKCPDTQIVAGGYSQGTA
VMNGAIKRLSADVQDKIKGVVLFGYTRNAQERGQIANFPKDKVKVYCAVGDLVCLGTLIVAPPHFSYL
SDTGDASDFLLSQLG' | tblastn -query - -db all genomes database/genome

s.fasta -out all genomes blasts/00034 Cutinase Aspergillus oryzae
_PBS PBSA.tsv -outfmt 6 -num threads 8

echo 'MSVLHGMFGFLSPEGPSSPSDGVGSLEQVAEREAHQGPGPGDAPMLVARGDHMTTPAQPSPF
HRVLGHRLLGGPFDRRGATVLSDDAARGPDPGILDHVRPGGRVACVAEPESVGRQPAAVRQAAQRMAV
RTPAMLAPRSGRAGGDGTVLMFGGTVDEAGHSDQGWWLRTKPKPNLAHRTVRGNPQRWPARGNSSIAG
YDESRVHRRLGTLCGTRSPLLQAGGAGGSILPLVPVRHCLYAVRQIGAIGHGKGNSAAEFGLKTTVVD
GETVAITERIALRKPFCNLLHFAKPEGTPAQPRVLLVAPMSGHHATLLRGTVAALLADHDVFVTDWID
ARLVPLACGRFDLDDYIDTVVTELIRFLGPQTHVIAVCQPAVPVLAAVSLMAAGDEAVQPRSMTLMGG
PIDPMANPTVPVKLAATHPLSWFERNVITTVPAYYPGGFRQVYPGFIQLSGFMSMNLDRHIGEHVGLF
RHLVRGDGDSAVQHRRFYDEYLSVMDLSAEFYLQTIETVFHKHSLANGTMESRGRKVEPAAIRRTAVM
TVEGELDDISAPGQTESAHRLCASLPDDMRARHFQKGVGHYGIFNGRRWRESIMPAVREFIRKHD ' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00028 PHB-depolymerase Azospirillum brasilense PHB.ts
v -outfmt 6 -num threads 8

echo 'MSQETFFAQQEDCFSSFHNYVQHIGKLQKLQSDNLQDGIRRRQEKSLQKLTACATRQIGPGD
WLDYLSDFNQRTLLFWDTLRRRADGTLEHRRAGYPALLKFNYELLLDGRDLPAPVNYSLLHILPGPSQ
TTDPSLPPVIVIDPRGGHGAGIGGFKEDSEIGESLRAGHPTYFISFSHSSEPGQTLSDIALAEARFIE
LVSERHAHAGKPVLIGNCQAGWALMGLAALRPELPGLLIVVGAPLSYWAGVNGRNPMRYAGGLLGGAW
MTRLGSDLGNGRFDGTWLVNNFENLDPAHALWGKYYDLFSSVDSEAQRFLDFERWWGSPNLFNSEEIE
TIVDELFIGNRLTGGQNTLTDLRKIEAPVVVFCSYGDNITPPQQALNWIADLYPSDLALHSSGRTIIY
LKHASAGHLGIFVSGQVARREHRQLIGAIDAIKALPPGLFELIIDEVPHPDGGAQSYQVHFESRRIAD
ILAEDDGHDDEREFELVDRVSAISSTFYDWTVRPWLSRAINEPVAEQLREHHPFHLQRQLWSSLNPAT
WWLSGTAELARRRRNPVRPDNPLLAWQEFFSDSVENTLDTWRDLRDASQELAFHTLYGWFSTLAGGQR
TSAAEKFASERERTLLERLYAALPQGGAREAAIRILLLLARASGRLDKAMLEGIVKDYRRRAYADPHI
PDVATLREITRQQNLLVFAYPEESLQTLPELLPDTSVRQRILAEVLNIEPGWQRSDGPLGALWRQLFE
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VLELPTAEFALLRLESPATAEQPAEVDAAATPESTPPTAEPKIRPAAETAAVPAKRQEVLIEPVPTAV
PEPTETAAAPKAAAPEPIAAPAEPAGQAPAETSPAEAAPKPHIRVRANTVISEPLETLPSAEAAPADS
GKPPAKAAATKRTTAQRTVKPRRPRKPGGTQPSDNT' | tblastn -query - -db all gen
omes database/genomes.fasta -out all genomes blasts/00101 PHB-depol
ymerase Azotobacter vinelandii PHB.tsv -outfmt 6 -num threads 8
echo 'MKRLFIAGMIFMLFFSLGAVSSSAAGSFTSKTYNGRTYKLYVPSSYQGGAALPLVVMLHGCT
QDPDQFAAGTQMNALAETEKFLVLYPEQPSSANSNKCWNWFDTAHQSRGSGEPALIAGMVNQIKSSYS
IDADQVFVGGLSAGAAMSVIMGATYPDIFAAISVGAGLEYKAATSVTGAYTAMSSGGPNPIQQGDLAY
SAMGEHKRVVPVILFHGTADYTVAPINAHQILSQWAQTNDRASDGLDNNNIDDTADQTLPGTVSGGRS
YTQYIYKDTAGKTVMEKYMIEGMGHAWPGGSTSGSYTDPKGPNATTLSWNFFKSHPKNSDAPNPGDIS
PPVTAASPAGGTYGSSVSVTLSTNEPATTYYTLDGSTPTVNSLKYSEPISINSSKTIKFFSVDAAGNQ
EGVKTEVYQISGTSEKSSVFSSLAAEDGFIGNLSADGMSSSIHKIGDKGMYNTDTYRTILSFDTSSLP
DDAIITDVSLKIYRKSSTGNISSLKGDIKTGVFGTSSALEQIDYQASPSISAAFQMSVPSLDNGYTTI
QLPSSLLGYMNRNGKTQFRLSS SGSADFLSDVVEIYGGDNPAYAPTLTVSYK' | tblastn -qu
ery - -db all genomes database/genomes.fasta -out all genomes blast
s/00039 PHB-depolymerase Bacillus megaterium_PHB.tsv -outfmt 6 -n
um threads 8

echo 'MGELVMIKPATMEFVSLSNGETIAYQEVGRRNTDILVLIHGNMTSSQHWDLVIEKLQDQYHI
YALDLRGFGQSTYNQSIDSLQDFAEDVKLFIDELKLEKFSLMGWSMGGGVAMQFTANHPTFVEKLILV
ESVGMKGYPIFKKDTNGQPIVSSLVKTKEEIAQDPVQIAPVLDAIKNMNKLYYRTVWNLLIYTHNQPE
PDRYEKYLDDMLTQRNFVDVNYALITFNISDEHNGVVGGSKQIHRIKAPTLVIQGDRDYVVPQVVGEE
LAKHLPNAELKVLEDCGHSPFIDCLDVFIKHVEDWLEQK' | tblastn -query - -db all
genomes database/genomes.fasta -out all genomes blasts/00072 PHB-de
polymerase Bacillus thuringiensis PHB.tsv -outfmt 6 -num threads 8
echo 'MKKLLAGVFGVVAMSLSAQAAKKASNCEVTGLVDRMTCPYLEKLVSGPHLTRHVKYSLPKGK
TPKAGWPTVILYQGSLFPVEFSRSSLMIAGGYNEIRLIQTLLDSGFAVIAPPAIEGVAWMTNIVGIDY
DTSEDFYFVEELLVAMGNGEFGKLNMDRLYATGISSGGYHSSRMAVAFPGVFKALAVHSASYADCGGP
MCFVPAQVPENHPPTIFLHGRLDPVVPVRTMYPYHETLKNQGVETEMFVSPWARHEWLEEAPELITNW
FINHK' | tblastn -query - -db all genomes database/genomes.fasta -ou
t all genomes blasts/00064 MCL-PHA-depolymerase Bdellovibrio bacte
riovorus_PHA.tsv -outfmt 6 -num threads 8

echo 'MVRSMRSRVVAAAVACAMSGAQFAGTTAVMTLATTHAATAATAATAATAATDDYAATRYPVV
LVHGLTGTDKYAGVLEYWYGIQEDLQRHGATVYVANLSGFQSDDGPNGRGEQLLAYVKTVLAATGATK
VNLIGHSQGGLTSRYVAAVAPDLVASVTTIGTPHRGSEFADFVQSVLAYDPTGLSSSVIATFFNVFGI
LTSSSNNTNQDALAALKTLTTSQAAAYNQNYPSAGLGAPGSCQTGAPTETVGGNTHLLYSWAGTAIQP
TVSMFGVTGAKDVSTIPVIDPANALDLSTLALLGTGTVMINRGAGQNDGLVSKCSALYGQVLGTRYKW
NHLDEINQLLGVRGAYAEDPVAVIRTHANRLKLAGV' | tblastn -query - -db all gen
omes database/genomes.fasta -out all genomes blasts/00056 Lipase B
urkholderia cepacia PBSA.tsv -outfmt 6 -num threads 8

echo 'MKTRMLVGWAAAAVLAAGPAWAVQSLPRLNIDKSQISVSGLSSGGFMANQLGVAHSSTFMGV
GVFAAGPYMCAGHYNYTACMYNATISDGQLSTMQSSINHWSGSQIDDKAGIAKQKIYLFVGTSDSTIG
PNPMDALRKQYANNAVPTGNDEYIKRSGAAHVFPTDFDAAGNNSCGSTSSPYIANCGYDGAKAVLTRI
YGTLNPRNDTPPASNYIEFSQASFTNNPGMAATGWVYVPSDCAAGAQCRLHVALHGCQQSYAQIGDKF
IKNTGYTRWADTNRIVVLFPQTKVDNTSRSTAASGLLPNPNACWDWIGWYGSDFAQKGGSQISAIKAM
VDHLASGAPTSTLPAPTGVSTSGATDTSMVISWASVQGAAGYHVYRNGAKQTTTPVTGTSYTDTGLTP
ATTYQWTVTAVDGQGAESVPSAAASGTTTGAAPPPATCYTASNYAHTTACRAYAAWGYAYAKGSNQNM
GLWNIYVITTLKQTGPNHYVIGTCP' | tblastn -query - -db all genomes databa
se/genomes.fasta -out all genomes blasts/00025 PHB-depolymerase Ca
ldimonas _manganoxidans PHB.tsv -outfmt 6 -num threads 8

echo 'MAEPKAQGTQKVESSTTKKEVKDAEETIKIPTLEDIDNLIDSAEEVKSEEDINKMPPLKFPV
EFPEVNTRSIIGGNNYPIVLVHGFMGFGRDELLGYKYWGGVVDLQEKLNASGHETYTATVGPVSSNWD
RACELYAYIVGGTVDYGEAHAKKFKHNRYGRTYPGIYKNISNENKIHLIGHSMGGQTIRTLTQLLSEG
SEEEINCGQENISPLFEGGKHWIHSVSTISTPNDGTTLSDLMPAKDLISYTFGVLGTITGKNKLFSSI
YDLKLDQWGLKKQNGESQRDYIERVLDSNIWNSTKDIATYDLSTEGAQELNTWVKAQPDVYYFSWTTQ
ATKESILTGHSVAQIGPMNPIFYPTANLMGRYSRNQKDLPIIDKKWFPNDGVVNCISQDGPKLGSNDV
TEQYNGGVKIGQWNAMPR' | tblastn -query - -db all genomes database/geno
mes.fasta -out all genomes blasts/00077 Estarase Clostridium botul
inum PBAT.tsv -outfmt 6 -num threads 8

echo 'MAGNSDAMGVGNNYPIVMVHGCFGWGSNEGAGLYYWGGKESLTQKLTEKGYTVYSPSIGPVS
SNWDRACELYTYIVGGTVDYGESHSKKYGHERYGRSYPGVYKQIGTKDSSGNVQKIHLIGHSMGGQTI
RLLAQLLENGDPNELSFTTDGSINSLFTGGKSWVSSITSIATPHDGSQEAHIKCDIEPLTHQFVAAIA
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AIKGKNVNLDDLNYDFQLDQWGLKRKPGESRLAYNNRVIKSEIWKKTKDLSVWDLSPEGAREFNSYVK
AQSDIDYFSIACVNTHEDKLTHFQVPNKKMNPVLVKSSIFMGMYTNNKSGEVPIDKSWWRNDGVVSVI
SAINPKVGSTDKIVDYSGTAVKGTWNYLGELDNTDHIEVCGMKYDRKGIEQMYFNVAEMLSKLPVEII
NTDHMDIVGTFGNVKDWYMDYASFLSNLSR' | tblastn -query - -db all genomes d
atabase/genomes.fasta -out all genomes blasts/00078 Estarase Clost
ridium botulinum PBAT.tsv -outfmt 6 -num threads 8

echo 'MAKQFLYDNLPVVETKAGKLRGYQWEGTYIFKGIRYARANRFQLPEEVEPWEGVKEAASYGF
VCPMLTRDHPQGELLVPHRYWPQDEDCLSLNIWSQSLDRSAKKPVMFWIHGGAFSMGSSIEQKAYNGE
NMSRYGDVVVVTVNHRLNILGYLDLSPYGERYAGSANAGQADLVAALKWVRDNIEAFGGDPDNVTIFG
QSGGGMKVSGLMQTPEADGLFHRAMIMSGVAGDVLPYSTGDSRPLIQAMLKELGLAEQEAGRLETVPY
YDLAAAYNRVSPAIARAGGYIGCTPRPDDFYKGEGPAVGFTDHAKTIPVMVGTVFGEFAMMPLPFNKE
TISEAELDEILDKRFQGHGKELKTVFAEAYPGKSPVDLLTLDTIFRGPTKEFVRSLAAAGGSVYSYLF
ALEFPYQNQKTA' | tblastn -query - -db all genomes database/genomes.fa
sta -out all genomes blasts/00079 Esterase Clostridium hathewayi
PBAT.tsv -outfmt 6 -num threads 8

echo 'MAFNFIRAAAAGAAMALCGVGSVHAAVNLPALKIDKTQTTVSGLSSGGFMAVQLHVAYSATF
AKGAGVVAGGPFYCAEGSIVNATGRCMASPAGIPTSTLVSTTNTWASQGVIDPVANLQNSKVYLFSGT
LDSVVKTGVMDALRTYYNSFVPAANVVYKKDIAAEHAMVTDDYGNACSTKGAPYISDCNFDLAGAMLQ
HLYGTLNARNNATLPTGNYIEFNQSEFITNHGMATTGWAYVPQACQAGGTATCKLHVVLHGCKQNIGD
VQQQYVRNTGYNRWADTNNIVMLYPQTSTAATNSCWDWWGYDSANYSKKSGPQMAAIKAMVDRVSSGT
GGTTPPDPVALPAPTGVSTSGATASSMAIGWAAVMGAASYNVYRNANKVNALPVTATSYTDTGLAAST
TYSWTVRAADANGAEGATSAAASGTTLAASGGGTATCTTASNYAHTLAGRAYAAGGYTYALGSNQNMG
LWNVFVTNTLKQTSTNYYVIGTCP' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00011 PHB-depolymerase Com
amonas_acidovorans PHB.tsv -outfmt 6 -num threads 8

echo 'MAFNFIRAAAAGAAMALCGVGSVHAAVNLPALKIDKTQTTVSGLSSGGFMAVQLHVAYSATF
AKGAGVVAGGPFYCAEGSIVNATGRCMASPAGIPTSTLVSTTNTWASQGVIDPVANLQNSKVYLFSGT
LDSVVKTGVMDALRTYYNSFVPAANVVYKKDIAAEHAMVTDDYGNACSTKGAPYISDCNFDLAGAMLQ
HLYGTLNARNNATLPTGNYIEFNQSEFITNHGMATTGWAYVPQACQAGGTATCKLHVVLHGCKQNIGD
VQQQYVRNTGYNRWADTNNIVMLYPQTSTAATNSCWDWWGYDSANYSKKSGPQMAAIKAMVDRVSSGT
GGTTPPDPVALPAPTGVSTSGATASSMAIGWAAVMGAASYNVYRNANKVNALPVTATSYTDTGLAAST
TYSWTVRAADANGAEGATSAAASGTTLAASGGGTATCTTASNYAHTLAGRAYAAGGYTYALGSNQNMG
LWNVFVTNTLKQTSTNYYVIGTCP' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00015 PHB-depolymerase Com
amonas_acidovorans P3HP_P4HB PEA PES PHB.tsv -outfmt 6 -num_threads
8

echo "MNSRSLTKAIRFPTILALAGFSVLGACGGSDNDSSSNNQGAPAVAITVAGQVQAVDRLGMRR
YFGIPFAAPPVGNLRWMPPAPPQSWAAPLAKTQSNAPCMQTGATDPLRLPNGTEDCLYLDVHAPATGE
GPFPVMVWIHGGAFSIGGTITYADPSPLVSKGVIVVNIAYRMGAMGFLGHPSLRAADGTVGNYGIMDQ
QAALRWVQDNIAAFGGDKSNVTIFGESAGGFSVMTHLASPLSKGLFAKAIVQSGGYGFDRQLTQAQLE
AQSTSIVNSALAAAGVSCPTVDAACLRGLSAELVNNQLATAFTTANWSPVPSVDGKVLPKSIKATFVA
GENNKVPLVNGSNQDEWSYFVASRELVAGPLTAAQYPSYLQTSLGLPPSLATVYPLTDYGTNTAQQPS
LAATAAGTDMHFSCPALNLSKRVLSQATPIFMYEFRDRTAIPSIGRNTISFNQGAGHTYELQYLFNLR
DLETAEHRDLQASMARYWTNFARTSNPNNGDPVATSWPAFTGPTKVLGLDVASAGGIRELATFETDHK
CNTAWTSLTF' | tblastn -query - -db all genomes database/genomes.fast
a -out all genomes blasts/00013 PU-esterase  Comamonas acidovorans
__PU.tsv -outfmt 6 -num threads 8

echo 'MRVQSWRSGVAALALWGGVNLAAGAAVPLGQYNIATDQISVSGLSSGGFMANQLGNAYSASF
MGVGIFAAGPYMCAGLNNYTACMYNASISSAQLNAMQSSIDSYSSAASIDAKSRIAAQKIYIFTGTSD
YTVGPNLTDALQTQYLNNGVPQGNIAYVKRSGAAHVLPTDFDSSGNNACSSSASPYISNCGYDGAKAA
LTHFYGALNPRNDAPATGNYIEFNQASYTNANPGMASTGWLYVPQSCASGTQCRLHVVLHGCQQSTDK
IGDKFVRNTGFSRWADTNNIIVLYPQTQVDNNNRSTSKSGSLANPNACWDWIGWYGNNFAQKSGVQMT
AIKAMIDRIASGAGSGTGGGNGGGTPTQPALAAPTGLGASAATSTSMQLDWAPVTSAAGYNVYRNGNK
ANALTVYATSYVDAALNPATSYSWTVRAVDGNGAESADSAAVSASTLTGSNPAGTCTTASNYAHVQAN
RAYQQGGYAYANGSGQNMGLWNVFYTTTLKQTGSNYYVIGTCP' | tblastn -query - -db
all genomes database/genomes.fasta -out all genomes blasts/00017 PH
B-depolymerase Comamonas testosteroni PHB.tsv -outfmt 6 -num threa
ds 8

echo 'MLVSALALAVLSAASLGRAAPTPESAEAHELEARATSSACPQYVLINTRGTGEPQGQSAGFR
TMNSQITAALSGGTIYNTVYTADFSQNSAAGTADIIRRINSGLAANPNVCYILQGYSQGAAATVVALQ
QLGTSGAAFAVKGVFLIGNPDHKSGLTCNVDSNGGTTTRNVNGLSVAYQGSVPSGWVSKTLDVCAYGD
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GVCDTAHGFGINAQHLSYPSDQGVQTMGYKFAVNKLGGSA' | tblastn -query - -db all
_genomes_database/genomes.fasta -out all genomes blasts/00037 Cutin
ase Cryptococcus sp. PBS PCL PHB PLA.tsv -outfmt 6 -num threads 8
echo 'MTKSFAADWHAQIRRLSRAQARTEAQVKSWLDRVDSLNPLTPARPDRPPGKVRPARPAPAPG
SLPGTWQAHRLRLAPLPGELVPQLSYHLYIPSKAHRGPLPVVVVLHGCRQTPDDLSAGTRMNALAERE
GFIVAYPQQPLRRQVQRCWQWFDLGAAEGGREAQAVAALIDALAARHDVREREIYLAGMSAGAAMAAV
VALRYPGKVAAAALHSGVVIGAADNPRAGLRAMQQGSAADPSWLLDAAGVTPGGPEMPALVIHGLADD
AVHPVNGRLLARQFLAYNGLEDRLAGAPAQSGPEDEAPGRSHEYRFGRWRRDLVTLVEVEGLGHAWSG
GDASYGYHSDIGPDASTMMWQFFSQHRR' | tblastn -query - -db all genomes dat
abase/genomes.fasta -out all genomes blasts/00038 PHB-depolymerase
_Cupriavidus necator PHB.tsv -outfmt 6 -num threads 8

echo 'MPFHRFLLAAALASAGMAQAAAPLGQYNIDTGKISVSGLSSGGFMANQLGNAYSSTFMGVGV
FAAGPYMCAGHNNYTACMYNASISASQQSAMQGSIDSYSANGTIDGKSGIAAQKIYIFTGTSDYTVGP
NLTDALQTQYLNNGVPAGNITYVKRSGTAHVLPTDFDSTSNNACSSSTSPFISNCGYDGAGAVLSHFY
GALNARNNAPAAANYIEFDQSAYTAGNPGMAANAWLYVPASCASGAQCKLHVVLHGCQQSTDKIGDKF
VKNTGYSRWADTNQIILLFPQTRIDNTSRSTAKSGSLANPNACWDWIGWYGGNFAHKSGAQMAAIKAM
VDRIASGAGSGDGGGTTPPNDPVLPAPTGLSLSGATATSMNLAWNAVAGASGYNVYRNGNKANALTVY
ATSYTDSALTASTTYSWAVRAVDANGAEGDASNAVSGTTLAPTQSPGTCTTASNYAHTQAGRAYQQGG
YTYANGSGQSMGLWNVFVTT TLKQTATNYYVIGTCP' | tblastn -query - -db all ge
nomes database/genomes.fasta -out all genomes blasts/00053 PHB-depo
lymerase Diaphorobacter sp. PHB PHBV.tsv -outfmt 6 -num threads 8
echo 'MLPAGQDAAALEARQLGGSITRNDLANGNSGSCPGVIFIYARGSTESGNLGTLGPRVASKLE
AKYGKNGVWIQGVGGAYRATLGDNALPRGTSSAAIREMLGHFSDANQKCPDAVLIAGGYSQGAALAAA
SVTDVDAGIREKIAGAVLFGYTKNLQNRGKIPSYPEDRTKVFCNTGDLVCTGSLIVAAPHLAYQSAAS
GAAPEFLIQKADAAGAAAAALEHHHHHH' | tblastn -query - -db all genomes dat
abase/genomes.fasta -out all genomes blasts/00075 Cutinase Fusariu
m_oxysporum PCL PET.tsv -outfmt 6 -num threads 8

echo 'LGRTTRDDLINGNSASCRDVIFIYARGSTETGNLGTLGPSIASNLESAFGKDGVWIQGVGGA
YRATLGDNALPRGTSSAAIREMLGLFQQANTKCPDATLIAGGYSQGAALAAASIEDLDSAIRDKIAGT
VLFGYTKNLQNRGRIPNYPADRTKVFCNTGDLVCTGSLIVAAPHLAYGPDARGPAPEFLIEKVRAVRG
SA' | tblastn -query - -db all genomes database/genomes.fasta -out a
11 genomes blasts/00092 Cutinase Fusarium solani PMCL.tsv -outfmt
6 -num_threads 8

echo 'MKFFALTTLLAATASALPTSHPVQELEARQLGGGTTRNDLTNGNSASCADVIFIYARGSTET
GNLGTLGPSIASKLESAFGRDGYWIQGVGGAYRATLGDNSLPRGTSSAAIREMLGLFQQANTKCPDAT
LIAGGYSQGAALGAASVEDLDSAIRDKIAGTVLFGYTKNLQNHGRIPNFPADRTKVFCNTGDLVCTGS
LITAAPHLTYGPDARGPAPEFLIEKVRAVRGSA' | tblastn -query - -db all genome
s database/genomes.fasta -out all genomes blasts/00008 Cutinase Fu
sarium verticillioides PCL.tsv -outfmt 6 -num threads 8

echo 'MKFFALTTLLAATDSALPTSHPVQELEARQLGGGTTRNDLTNGNSASCADVIFIYARGSTET
GNLGTLGPSIASKLESAFGRDGVYWIQGVGGAYRATLGDNSLPRGTSSAAIREMLGLFQQPNTKCPDAT
LIAGGYSQGAALAAASVEDLDSAIRDKIAGTVLFGYTKNLQNHGRIPNFPADRTKVFCNTGDLVCTGS
LITAAPHLTYGPDARGPAPEFLIEKVRAVRGSA' | tblastn -query - -db all genome
s database/genomes.fasta -out all genomes blasts/00009 Cutinase Fu
sarium verticillioides PCL.tsv -outfmt 6 -num threads 8

echo 'MNFPRASRLMQAAVLGGLMAVSAAATAQTNPYARGPNPTAASLEASAGPFTVRSFTVSRPSG
YGAGTVYYPTNAGGTVGAIAIVPGYTARQSSIKWWGPRLASHGFVVITIDTNSTLDQPSSRSSQQMAA
LRQVASLNGTSSSPIYGKVDTARMGVMGWSMGGGGSLISAANNPSLKAAAPQAPWDSSTNFSSVTVPT
LIFACENDSIAPVNSSALPIYDSMSRNAKQFLEINGGSHSCANSGNSNQALIGKKGVAWMKRFMDNDT
RYSTFACENPNSTRVSDFRTANCS' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00096 PETase Ideonella sak
aiensis PET PEF.tsv -outfmt 6 -num threads 8

echo 'MNFPRASRLMQAAVLGGLMAVSAAATAQTNPYARGPNPTAASLEASAGPFTVRSFTVSRPSG
YGAGTVYYPTNAGGTVGAIAIVPGYTARQSSIKWWGPRLASHGFVVITIDTNSTLDQPSSRSSQQMAA
LRQVASLNGTSSSPIYGKVDTARMGVMGWSMGGGGSLISAANNPSLKAAAPQAPWDSSTNFSSVTVPT
LIFACENDSIAPVNSSALPIYDSMSRNAKQFLEINGGSHSCANSGNSNQALIGKKGVAWMKRFMDNDT
RYSTFACENPNSTRVSDFRTANCS' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00083 PETase Ideonella sak
aiensis PET PEF.tsv -outfmt 6 -num threads 8

echo '"MQTTVTTMLLASVALAACAGGGSTPLPLPQQQPPQQEPPPPPVPLASRAACEALKDGNGDMV
WPNAATVVEVAAWRDAAPATASAAALPEHCEVSGAIAKRTGIDGYPYEIKFRLRMPAEWNGRFFMEGG
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SGTNGSLSAATGSIGGGQIASALSRNFATIATDGGHDNAVNDNPDALGTVAFGLDPQARLDMGYNSYD
QVTQAGKAAVARFYGRAADKSYFIGCSEGGREGMMLSQRFPSHYDGIVAGAPGYQLPKAGISGAWTTQ
SLAPAAVGLDAQGVPLINKSFSDADLHLLSQAILGTCDALDGLADGIVDNYRACQAAFDPATAANPAN
GQALQCVGAKTADCLSPVQVTAIKRAMAGPVNSAGTPLYNRWAWDAGMSGLSGTTYNQGWRSWWLGSF
NSSANNAQRVSGFSARSWLVDFATPPEPMPMTQVAARMMKFDFDIDPLKIWATSGQFTQSSMDWHGAT
STDLAAFRDRGGKMILYHGMSDAAFSALDTADYYERLGAAMPGAAGFARLFLVPGMNHCSGGPGTDRF
DMLTPLVAWVERGEAPDQISAWSGTPGYFGVAARTRPLCPYPQIARYKGSGDINTEANFACAAPP' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00084 MHETase Ideonella sakaiensis PET.tsv -outfmt 6
-num_threads 8

echo 'MQHLLSGWIRRIALPVLTLSTLIILPSLPAHAGQTDSYTLPQQAYNQSRARDYKVYVPDGLT
SPAPMVMALHGCKQTNNDVLNDWGLKAAADRYGFILVAPYITSYDGLRNQNCWGFWFDHHRHEGAGEV
EDLHQIALAVEGNYSIDPQRRFITGLSSGGAMTAVAAITHNEYWAAAASASGLPYGEDSSSVSLTGQC
PGNATFHSVSRVVSDMQAELNDPYPIPMMVLQNKNDCTVLKKAADNIRDAHLKVFGEAGFDTPSGADA
GTVNCSPYYQNDYNCTHTRYTQDGTTGTRSVVETVYLDGPLSTPNTQDTDHGHYWVSGKDGNNGKWAT
RVGPSYPDIIWNFFAAHDRDGPDPEGYPVITLIGDNPMSVAIGTAFTDPGATAEDAEDGSLTVSADCS
DVDTASVGTYACTYSATDSDTNETTVTRSVEVYDPKAPVETCQQATASPSGHISAGRAYAGGTSNLRA
YANGDDADIGASFDSWSSVVLYEGEPGQWFSQEPSACSGVPDDGNDNGDPVACQDWNASNLSHSMAGR
AYYSAGYYTTGGDDSLGPIPGTYTWVKETSAGVFEAGQCP' | tblastn -query - -db all
_genomes_database/genomes.fasta -out all genomes blasts/00026 PHB-d
epolymerase Marinobacter sp. PHB.tsv -outfmt 6 -num threads 8

echo '"MNKSILKKLSFGTSVLLVSMNALSWTPSPTPNPDPIPDPTPCQDDCDFTRGPNPTPSSLEAS
TGPYSVATRSVASSVSGFGGGTLHYPTNTTGTMGAIAVVPGFLLQESSIDFWGPKLASHGFVVITISA
NSGFDQPASRATQLGRALDYVINQSNGSNSPISGMVDTTRLGVVGWSMGGGGALQLASGDRLSAAIPI
APWNQGGNRFDQIETPTLVIACENDVVASVNSHASPFYNRIPSTTDKAYLEINGGSHFCANDGGSIGG
LLGKYGVSWMKRFIDNDLRYDAFLCGPDHAANRSVSEYRDTCNY' | tblastn -query - -db
all genomes database/genomes.fasta -out all genomes blasts/00097 PE
T-hydrolase Oleispira antarctica PCL PET.tsv -outfmt 6 -num thread
s 8

echo 'MRKLKLLLMVCMSMVFIFTLPGMGQSLKASAATERTPIVFVHGLTGSDSNFALIERYLRGEG
WSSDELFAIDLPSKAGNQLLNSAAISRFVDDVLRQTGHSKVHIVAHSMGGANSLYYILNRGGIDKVDK
LITLGGANRLTTSRAPDGIRVTSIYSTSDTIVSPALSRLDGANNISVNLVTHIGLLYNSRVNALIKAA
LIE' | tblastn -query - -db all genomes database/genomes.fasta -out
all genomes blasts/00027 PLA-depolymerase Paenibacillus amylolytic
us PLA.tsv -outfmt 6 -num threads 8

echo 'YGHFYTEHNRGHHVRVATPEDPASSRLGESFWAFLPRSVWFSAVSAWNLERERLRKLGLPAL
HWKNAVLGAWMYSVVLWGAMIAWLGAAVIPFLIIQGIYGFSLLEVVNYVEHYGLKRQKLPNGRY " |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00104 Alkane-monooxygenase Paenibacillus sp. PE.tsv -
outfmt 6 -num_threads 8

echo 'MAVQFFQAEDGARLAYRDEGEGLPVLALPGLTRTGRDFDYLAPHLPGVRLIRPDYRGRGDSD
WTGSDSYTVPQEARDVLVLLDHLGVAQAAVLGTSRGGIIGMLLAATARERLLGLCLNDVGPVLQRSGL
ERIFDYVGRNPAAKNLEDLAQRLPAAMPGFANVPASRWLEEAARHYVETPSGLSVNYDPALREAFLAA
FDGPEVDLWPLFDATQGLPLALIRGANSDLLSHETATEMQRRRPDMILAEARDRAHVPFLDEPESLAA
IHAWLAAMR' | tblastn -query - -db all genomes database/genomes.fasta
-out all genomes blasts/00070 3HB-oligomer-hydrolase Paracoccus de
nitrificans_PHB-Oligomers.tsv -outfmt 6 -num threads 8

echo 'MFEKFLSGKTAVVTGSNSGIGLGIAHELARAGADLVLNSFTDMPEDHALAESLAAEHGVEVR
YVQADMSKGADCRALIEKAGACDILVNNAGIQHVAPIPDFPGEKWDAIIAINLSSAFHTTAAALPLMR
KAGWGRVINIASAHGLTASEYKSAYVAAKHGIVGLTKVTALETAKEPITCNAICPGYVLTPIVEKQIP
DQMKTHNMSREDVIAKVMLQRQPSGQFATVEQMGGTAVFLCSPAAEQITGTTISVDGGWTAL' | tb
lastn -query - -db all genomes database/genomes.fasta -out all genom
es blasts/00071 3HV-dehydrogenase Paracoccus denitrificans P3HV-0
ligomers PHBV-Oligomers.tsv -outfmt 6 -num threads 8

echo '"MRNTLKAAFKLGVISAALLAPFATQAATAGPGAWSSQQTWAADSVNGGNLTGFYYWPATQPV
HANGKRALVLVLHGCAQTASGDVINNGDNGYNWKAAADQYGAVILAPNATGNVSSQHCWDYSRTSHSR
STGHEYVLLDLINRFKNDPQYEIDPNQVYVTGLSSGGGETIVLGCIAPDVFAGWASNAGPTPGTTTLQ
IGAVPSGYTATNAKNNCLSLAGSNSSYFSTQIAGVVWGTSDFTVAPGYNPLMMDAMRQIYGGTFTKQA
STSVATGGTNTTYKDSSGRVRTHELSVSGMSHAWPAGTGGQNTNYVTSQYVNYPLFVMDYFFTNNSRA
GSGGGTTTTTAGGTTTTTAAGTTTTAATTTTTASSTTTTVAATCYTSSNYAHVTAGRAHNSSGYALAN
GSNQNMGLNNTFYTSTLKQTSPGYYVIGTCP' | tblastn -query - -db all genomes
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database/genomes.fasta -out all genomes blasts/00003 PHB-depolymera
se-A Paucimonas lemoignei PHB.tsv -outfmt 6 -num threads 8

echo 'MLAKQIKKANSRSTLLRKSLLFAAPIILAVSSSSVYALTQVSNFGTNPGNLQMFKHVPSGMP
ANAPLVVALHGCTQTAAAYEASGWSALGNTHKFYVVYPQQQSGNNSNKCFNWFEPGDITRGQGEALSI
KQMVDNMKANHSIDPSRVYVTGLSAGAFMTTVMAATYPDVFAGAAPIAGGPYKCATSMTSAFTCMSPG
VDKTPAAWGDLARGGYSGYNGPKPKISIWHGSSDYTVAPANQNETVEQFTNYHGIDQTPDVSDTVGGF
PHKVYKSANGTPLVETYTITGMGHGTPVDPGTGANQCGTAGAYILDVNVCSSYYIGQFFGIIGGGGTT
TTTTSGNVTTTTAATTTTTTATQGYTQTTSATVTNHYVAGRINVTQYNVLGARYGYVTTIPLYYCPSL
SGWTDKANCSPI' | tblastn -query - -db all genomes database/genomes.fa
sta -out all genomes blasts/00004 PHB-depolymerase Paucimonas lemo
ignei PHB.tsv -outfmt 6 -num threads 8

echo 'MMSSQTTQSSKFSLFLKRGLLLAAAPLLAMSASSALAATQVTGFGSNPGNLLMYKHVPSSMP
ANAPLVIAMHGCTQSASAYEATGWTQLANTYKFYVVYPEQQSSNNQNKCFNWFEPGDIARGQGEALSI
KQMVDKMKADHSIDTNRVYVTGLSAGGYMVNVMLATYPDVFAGGAPFSGGPYNCATSMTNAFTCMSPG
VDKTPAAWGDLARGGYSGYTGRKPIVSIWHGDADYTVKQSNQVEEVEQWTNYHGIDQTADVSDTVAGF
PHKVYKDASGNALVETYTITGMGHGTPVDPGTGSLQCGTAGAYILDVNICSSYYVAKFWGLIGGSGTT
TTTSAGTTTTTSAGTTTTKASTTTTKVSTTTTASTTTTTAGACYNSSNYAHVTAGRAHDTGGYAYTNG
SNQKMGLNNTFYTSKLRKTGTNYYVIDTTCP' | tblastn -query - -db all genomes
database/genomes.fasta -out all genomes blasts/00005 PHA-depolymera
se-B_ Paucimonas lemoignei PHB.tsv -outfmt 6 -num threads 8

echo 'MQLKKSLRVTIAVLLGAGVSASAFALTPGSGTWVKESATYGTPNLQDAYLYVPKNPAPQVLG
GKRALMLSLHGCGQTASTSVIDKRFNWEETAEKYGMVVVAPTVPTGTSSTRAASGCWDWFGTAHNRTT
RDVVPLIKLIDAVKARTNLDIDPNQIYVSGLSAGAGETHVLGCSFPDYFAGVAPNASPSLGSAAGDIS
VPPKRTPQQVADMCRAINGNQFNAHLDTQIFATVYGDKDYLVLPAHNEVNRDGMKIAYDATVSAGTAS
VDGGGTASLFKDSRGRLRISSMVVAGMSHAWPSGPGAAPYIAWVDSTRVNYPAYVTQFFFENNLRVNK
WKITCSVNVPNASSATVSASATAAAGATVASYRVALQGKTAINDNAAGSGTSLNKSYNLGNGIYAGTV
TAVDSKGVESEACQLSSFQVGQLDPLYPPSDIQATGISSSSIKLNWSAVSSATAYDVRRNGGAPVRVT
ATQYTDTGLAPDTSYSYTVTSVNDNMTSGQSGQIIGKTQPVTYTEKVTATVTGHYSAGRINVNQYLQL
GAKYGYNASLTLYKCEGVWTNSSSCGPLQ' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00006 PHB-depolymerase
__Paucimonas_ lemoignei PHB.tsv -outfmt 6 -num threads 8

echo 'MNKYLKNLCFAAATVTLMASAPSAFALSEVTGFGTNPGALKMFKHVPTSMPTNAPLIVAMHG
CTQSASAYEGSGWSALANNYKFYVVYPEQQSGNNSNKCFNWFESGDIARGQGEALSIKQMVDKMKADY
SIDANRVYVTGLSAGAFMTAVMAATYPDVFAGAAPIAGGPYKCATSMIDAFSCMSPGTDKTPAAWGDL
ARGGYSGYNGRKPKISVWQGSSDTTVKPMNMDELMQQWTNYHGIDQTADVSETVKGFPHKVYKDASGN
ALVETWSITGMAHGTPVDPGTGAEQCGTSGSYILDVNICSSYHIAQFFGLTGAGTTTTTTVGSTSTTT
GYTSTSSAPVTTTTSVASTTTTTVAAGACYNASNYAHVTAGRAVNSMGYAKAKGSNQNMGLYNTFTTS
KLREAPAGYFTIDSTCP' | tblastn -query - -db all genomes database/genom
es.fasta -out all genomes blasts/00007 PHB-depolymerase Paucimonas
_lemoignei PHB.tsv -outfmt 6 -num threads 8

echo 'MDSVMQTKEMVMKSNVNSYPIVLVHGFMGWGRNEVLGLKYWGGITDYEQELSSYGYTAYTAT
VGPVSSNWDRACELYAYIKGGTVDYGHAHSTQKGHSRYGRTYPGLYPEWGNLTTEGKVNKIHLVAHSM
GGQTVRTLVQLLKEGSEEERNTTPSQLSSLFAGGKSWVHSITTIASPHDGTTLADGINIFGDFAKNLV
ASLASFTGAGEKLIYDFKLDQWGLNRKSGESLTDYTNRVFNSAIWNSTNDLANWDLSTDGARVLNQWV
KAQSDIYYFSYSTCATVPSILTSNELPHVIYMTPLLYPFGRFIGSYTRNEQGRVIIDNSWKPNDGVVN
TISQNGPKIWSSDKIVNYNGVPQIGKWNSMPLLDTIDHMDACGIGTNALTLSWYKGLAEKLSQLTIS
N' | tblastn -query - -db all genomes database/genomes.fasta -out al
1 genomes blasts/00080 Lipase Pelosinus fermentans PBAT.tsv -outf
mt 6 -num_ threads 8

echo 'MFDSVKIAWLVALGAAQVAATALPAFNVNPNSVSVSGLSSGGYMAAQLGVAYSDVFNVGFGV
FAGGPYDCARNQYYTSCMYNGYPSITTPTANMKSWSGNQIASVANLGQRKIYMWTGSSDTTVGPNVMN
QLKAQLGNFDNSANVSYVTTTGAVHTFPTDFNGAGDNSCSLSTSPYISNCNYDGAGAALKWIYGSLNA
RNTGTLSGSVLSFAQSGSYGANGMDTTGYLYVPQSCASGATVCSLHVALHGCLQSYSSIGSRFIQNTG
YNKWADTNNMIILYPQAIPDYTIHAIWNGGVLSNPNGCWDWVGWYGSNADQIGGVQMAAIVGQVKQIV
SGFQG' | tblastn -query - -db all genomes database/genomes.fasta -ou
t all genomes blasts/00040 PHB-depolymerase Penicillium funiculosu
m_PHB.tsv -outfmt 6 -num threads 8

echo 'MPPDCVLPRRLAAAALLASATLVPLSAAAQTNPYQRGPDPTTRDLEDSRGPFRYASTNVRSP
SGYGAGTIYYPTDVSGSVGAVAVVPGYLARQSSIRWWGPRLASHGFVVITLDTRSTSDQPASRSAQQM
AALRQVVALSETRSSPIYGKVDPNRLAVMGWSMGGGGTLISARDNPSLKAAVPFAPWHNTANFSGVQV
PTLVIACENDTVAPISRHASSFYNSFSSSLAKAYLEINNGSHTCANTGNSNQALIGKYGVAWIKRFVD
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NDTRYSPFLCGAPHQADLRSSRLSEYRESCPY' | tblastn -query - -db all genomes
_database/genomes.fasta -out all genomes blasts/00099 PET-hydrolase
__Polyangium brachysporum PCL PET.tsv -outfmt 6 -num threads 8

echo 'MPPDCVLPRRLAAAALLASATLVPLSAAAQTNPYQRGPDPTTRDLEDSRGPFRYASTNVRSP
SGYGAGTIYYPTDVSGSVGAVAVVPGYLARQSSIRWWGPRLASHGFVVITLDTRSTSDQPASRSAQQM
AALRQVVALSETRSSPIYGKVDPNRLAVMGWSMGGGGTLISARDNPSLKAAVPFAPWHNTANFSGVQV
PTLVIACENDTVAPISRHASSFYNSFSSSLAKAYLEINNGSHTCANTGNSNQALIGKYGVAWIKRFVD
NDTRYSPFLCGAPHQADLRSSRLSEYRESCPY' | tblastn -query - -db all genomes
_database/genomes.fasta -out all genomes blasts/00109 Triacylglycer
ol-lipase Polyangium brachysporum PET.tsv -outfmt 6 -num threads 8
echo "MNLVGHSQGGLTSRYVAAVAPDLVASVTTIGTPHRGSEFADFVQSVLAYDPTGLSSSVIAAF
ANVFGILTSSSNNTNQDALAALKTLTTSQAATYNQNYPSAGLGAPGSCQTGAPTETVGGNTHLLYSWA
GTAIQPTISAFGVTGATDTSTIPLIDPANALDLSTLALFGTGTVMINRASGQNDGLVSKCSALYGKVL
STSYKWNHLDEINQLLGVRGANAEDPVAVIRTHANRLKLAGV' | tblastn -query - -db a
11 genomes database/genomes.fasta -out all genomes blasts/00052 Lip
ase Pseudomonas aeruginosa PBSA.tsv -outfmt 6 -num threads 8

echo 'MPFNKKSVLALCGAGALLFSMSALANNPAPTDPGDSGGGSAYQRGPDPSVSFLEADRGQYSV
RSSRVSSLVSGFGGGTIYYPTGTTGTMGAVVVIPGFVSAESSIDWWGPKLASYGFVVMTIDTNTGFDQ
PPSRARQINNALDYLVSQNSRSSSPVRGMIDTNRLGVIGWSMGGGGTLRVASEGRIKAAIPLAPWDTT
SYYASRSQAPTLIFACESDVIAPVLQHASPFYNSLPSSIDKAFVEINGGSHYCGNGGSIYNDVLSRFG
VSWMKLHLDEDSRYKQFLCGPNHTSDSQISDYRGNCPY' | tblastn -query - -db all g
enomes database/genomes.fasta -out all genomes blasts/00105 Polyest
er-hydrolase Pseudomonas aestusnigri PET PU.tsv -outfmt 6 -num thr
eads 8

echo '"MLAPRSLLFCLLLFALPNAFADSRCSERAKTLLLPAKVSCSYKTTWIDSGLIGARQVIYQAP
LGTPPAGGWPVVLIYQGSFFPLNNFTYYSNQPFGGYYEGKLVRALLDSGYAVIAPSAPADLFWQTNIP
GLAQAYELTTDYDFLGNVFDAIASGHFGPLNSQRKYATGISSGGYNTSRMAVSFPGQFKALAIQSGSY
ATCSGPLCVVPDQLPADHXPTYFLHGFVDLTVPWWSMDLYYDRLLQQGIETARYTEPLGGHEWFAASP
GKVLAWFNAHP' | tblastn -query - -db all genomes database/genomes.fas
ta -out all genomes blasts/00036 MCL-PHA-depolymerase Pseudomonas
alcaligenes PCL PHA PHBV PHPV.tsv -outfmt 6 -num threads 8

echo 'MSMSIFDYKTALGGDGKALYSEAITLALYASTPTGEALPGTAWRPISVSQLGYQGNVSAQGT
ISGEQAIVSDAQSRCWANTTRPGSCCPSASSFRGTRQPQGRYQRLAGGLRVGLLPTTTSRLAFDNLLG
KVAAFAAAQGLSGSDVLVTGHSLGGLGGQPRGGHEQRSLGRLLPGRQLLGFASPTQSANSSQVLNIGY
ETTRCSAPWTALISTALSLGTHWQAPGVATNNIVSFTDHYSSFLGEVDSPEHPQSAVLVGPQCGGLRR
GLNRLINSDFYDLTSRDSTVVISNLSEGKRDQVWVKDLNLYAEKHTGSTFIIGTQSNDLLHGGKGNDY
LDGGAGDDRFRDDGGYNITIHGGQGHNVLELQQPLKNFSIANDGDGTLYIRDAYGGISMTRDVGALVSH
ETGSWWQLFGKDVSHSVTADGLQNGNQWTAYNHSLNGDAYGNALVASVDGDWLFGHGGDDLLSSDKAN
VTFVGGTGNDVMHSSGGGGNTFLFSGNFGFDLIHGYQNTDKLVFMGVPGVDAHYDYSQHLSQNGNDTL
VQVFGEFLRVNPWWGSAWTSLSGSGLVFA' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00023 Polyurethanase
Pseudomonas chlororaphis PU.tsv -outfmt 6 -num threads 8

echo 'MGVFDYKNFTASDSKALFSDALAITLYSYHNIDNGFAEGYQHNGFGLGLPATLVTALIGSGN
SQGVIPGIPWNPDSEKAALDALHQAGWSTISAQQLGYDGKVDGRGTFFGEKAGYGTAQVEILGKYDAQ
GHLESIGIAFRGTSGPRESVISDTIGDVINDLLAALGPKDYAKNYAGEAFGKLLGDVAAFAQANGLSG
KDLVSGHSLGGLGVNSLADLSSERWSGFYKDSNYIAYASPTQSASDKVLNIGYENDPVFRALDGSTFN
LSSLGVHDAHQDSATNNIVNFNDHYASTLWNVLPSSILNIPTWLSHLPTGYGDGLSRVLESKFYDFTS
KDSTIVVANLSDPARASTWVQDLNRNAETHKGSTFIIGSDGNDLIQGGSGNDYLEGRAGNDTFRDSGG
YNIILGGQGSNTLDLQQSVKNYSFASDGAGTLYLRDANGGISMTRDIGAIQSKEPGFLWGLFKDDVIH
QVTDQGLKAGGQLTQYASSVRGDAGDNVLKAHAGGDWLFGLDGNDHLIGGQGNDVFVGGAGNDLMEAG
GGNNTFLFTGHFGQDRILGYQGGDKLVFMGVSGVLPDQDYRAHASSSGNDTVLTFGQDSVTLVGVSLE
HLNGSGIVLA' | tblastn -query - -db all genomes database/genomes.fast
a -out all genomes blasts/00041 Polyurethanase Pseudomonas chloror
aphis PU.tsv -outfmt 6 -num threads 8

echo '"MSMSIFDYKTALGGDGKALYSEAITLALYASTPTGEALPGTAWRPISVSQLGYQGNVSAQGT
ISGEQAIVSDAQSRCWANTTRPGSCCPSASSFRGTRQPQGRYQRLAGGLRVGLLPTTTSRLAFDNLLG
KVAAFAAAQGLSGSDVLVTGHSLGGLGGQPRGGHEQRSLGRLLPGRQLLGFASPTQSANSSQVLNIGY
ETTRCSAPWTALISTALSLGTHWQAPGVATNNIVSFTDHYSSFLGEVDSPEHPQSAVLVGPQCGGLRR
GLNRLINSDFYDLTSRDSTVVISNLSEGKRDQVWVKDLNLYAEKHTGSTFIIGTQSNDLLHGGKGNDY
LDGGAGDDRFRDDGGYNITIHGGQGHNVLELQQPLKNFSIANDGDGTLYIRDAYGGISMTRDVGALVSH
ETGSWWQLFGKDVSHSVTADGLQNGNQWTAYNHSLNGDAYGNALVASVDGDWLFGHGGDDLLSSDKAN
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VTFVGGTGNDVMHSSGGGGNTFLFSGNFGFDLIHGYQNTDKLVFMGVPGVDAHYDYSQHLSQNGNDTL
VQVFGEFLRVNPWWGSAWTSLSGSGLVFA' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00046 Polyurethanase
Pseudomonas chlororaphis PU.tsv -outfmt 6 -num threads 8

echo 'MGVFDYKNFTASDSKALFSDALAITLYSYHNIDNGFAEGYQHNGFGLGLPATLVTALIGSGN
SQGVIPGI PWNPDSEKAALDALHQAGWSTISAQQLGYDGKVDGRGTFFGEKAGYGTAQVEILGKYDA
QGHLESIGIAF RGTSGPRESVISDTIGDVINDLLAALGPKDYAKNYAGEAFGKLLGDVAAFAQANGL
SGKDVLVSGHSLGG LGVNSLADLSSERWSGFYKDSNYIAYASPTQSASDKVLNIGYENDPVFRALDG
STFNLSSLGVHDAHQDS ATNNIVNFNDHYASTLWNVLPSSILNIPTWLSHLPTGYGDGLSRVLESKF
YDFTSKDSTIVVANLSDPAR ASTWVQDLNRNAETHKGSTFIIGSDGNDLIQGGSGNDYLEGRAGNDT
FRDSGGYNIILGGQGSNTLDLQQ SVKNYSFASDGAGTLYLRDANGGISMTRDIGAIQSKEPGFLWGL
FKDDVIHQVTDQGLKAGGQLTQYASS VRGDAGDNVLKAHAGGDWLFGLDGNDHLIGGQGNDVFVGGA
GNDLMEAGGGNNTFLFTGHFGQDRILGYQ GGDKLVFMGVSGVLPDQDYRAHASSSGNDTVLTFGQDS
VTLVGVSLEHLNGSGIVLA' | tblastn -query - -db all genomes database/gen
omes.fasta -out all genomes blasts/00016 Polyurethane esterase A P
seudomonas chlororaphis PU.tsv -outfmt 6 -num threads 8

echo '"MGVFDYKNFTASDSKALFSDALAITLYSYHNIDNGFAEGYQHNGFGLGLPATLVTALIGSGN
SQGVIPGIPWNPDSEKAALDALHQAGWSTISAQQLGYDGKVDGRGTFFGEKAGYGTAQVEILGKYDAQ
GHLESIGIAFRGTSGPRESVISDTIGDVINDLLAALGPKDYAKNYAGEAFGKLLGDVAAFAQANGLSG
KDVLVSGHSLGGLGVNSLADLSSERWSGFYKDSNYIAYASPTQSASDKVLNIGYENDPVFRALDGSTF
NLSSLGVHDAHQDSATNNIVNFNDHYASTLWNVLPSSILNIPTWLSHLPTGYGDGLSRVLESKFYDFT
SKDSTIVVANLSDPARASTWVQDLNRNAETHKGSTFIIGSDGNDLIQGGSGNDYLEGRAGNDTFRDSG
GYNIILGGQGSNTLDLQQSVKNYSFASDGAGTLYLRDANGGISMTRDIGAIQSKEPGFLWGLFKDDVI
HQVTDQGLKAGGQLTQYASSVRGDAGDNVLKAHAGGDWLFGLDGNDHLIGGQGNDVFVGGAGNDLMEA
GGGNNTFLFTGHFGQDRILGYQGGDKLVFMGVSGVLPDQDYRAHASSSGNDTVLTFGQDSVTLVGVSL
EHLNGSGIVLA' | tblastn -query - -db all genomes database/genomes.fas
ta -out all genomes blasts/00021 Polyurethane-esterase-A Pseudomon
as_chlororaphis PU.tsv -outfmt 6 -num threads 8

echo '"MPLRTLLCGLLLAVCLGQHALAASRCSERPRTLLRPAEVSCSYQSTWLDSGLVGQRKIIYQT
PLGTPPAGGWPVVLIYQGSFFPLNDFSYHSNLPFGGYYEGKLVQNLLDHGYAVIAPSAPADLFWQTNI
PGLAQAYELSTDYDFLGNVLAAIASGHFGPLNAQRQYATGISSGGYNTSRMAVSFPGKFRALAVQSGS
YATCSGPLCVVPDQLPADHPPTLFLHGFVDAVVPWWSMDLYYDRLLHQGIETARYTEPLGGHEWFAAS
PGKVLAWFNAHP' | tblastn -query - -db all genomes database/genomes.fa
sta -out all genomes blasts/00002 PHA-depolymerase Pseudomonas flu
orescens PHO.tsv -outfmt 6 -num threads 8

echo 'MTKQSLPQGMADQRLCRFFTAALCSLLMILLWPTTVTAGQTFSYTSPQQAYSGSRERSYKVY
VPTGLSTPAPMVMALHGCRQTNDDVLNDWGLKAAADRYGFILVAPFITSYDGLRNENCWGFWFEQHIH
QGGGEVADLHRIAQQVEANFVIDANRRFITGLSSGGAMSLVAAVAYNEYWAAAAPAAGLPYRETASSV
SLSGQCPGSATFRSVSQVAADMRSEVNDAYPIPLMVLQNRNDCTVLQTAANNMRDAHLQVFGSASRNT
PATTQASDTGCSPYHQNDYGCRHIAYTQDGTTATRSLVETVIYDGPLATPNPQDTNHGHYWIGGAQGN
NGKWSLQVGPSYPDIIWDFFSRHSRDGSQPQGHPVIVLQGDNPLSVPLGSTFNDPGASASDAEDGSLP
VSAECSAVNPSVVGSCSCLYSATDSDGNRSTLTRTVEVYDPNAPVETCQVVSASPSVHIGAGRAYAGG
TSNLRAYAKDDGVDIGGSFDTWSNVPLYEGEPGRWYAQRPAACGGSGQAFTCQEWNASNLSHVMAGRA
YYGYYTVGGNQYLGSLSGLSTWVRETAQGHFQAGRCSN' | tblastn -query - -db all g
enomes database/genomes.fasta -out all genomes blasts/00066 PHB-dep
olymerase Pseudomonas mendocina PHB.tsv -outfmt 6 -num threads 8
echo 'MGVFDYKNFTASDSKALFSDALAITLYSYHNIDNGFAEGYQHNGFGLGLPATLVTALIGSGN
SQGVIPGIPWNPDSEKAALDALHQAGWSTISAQQLGYDGKVDGRGTFFGEKAGYGTAQVEILGKYDAQ
GHLESIGIAFRGTSGPRESVISDTIGDVINDLLAALGPKDYAKNYAGEAFGKLLGDVAAFAQANGLSG
KDVLVSGHSLGGLGVNSLADLSSERWSGFYKDSNYIAYASPTQSASDKVLNIGYENDPVFRVLDGSTF
KLSSLGVHDAHQDSATNNIVNFNDHYASTLWNVLPFSILNIPTWLSHLPTGYGDGLTRVLESKFYDFT
SKDSTIVVANLSDPARASTWVQDLNRNAETHKGSTFIIGSDGNDLIQGGSGNDYLEGRAGNDTFRDSG
GYNIILGGQGSNTLDLQQSVKNYSFASDGAGTLYLRDANGGISMTRDIGAIQSKEPGFLWGLFKDDVI
HQVTDQGLKAGGQLTQYASSVRGDAGDNVLKAHAGGDWLFGLDGNDHLIGGQGNDVFVGGAGNDLMEA
GGGNNTFLFTGHFGQDRILGYQGGDKLVFMGVSGVLPDQDYRAHASSSGNDTVLTFGQDSVTLVGVSL
EHLNGSGIVLA' | tblastn -query - -db all genomes database/genomes.fas
ta -out all genomes blasts/00081 Polyurethanase A Pseudomonas prot
egens  PU.tsv -outfmt 6 -num threads 8

echo 'MSIFDYKTALGGDGKALYSEAITLALYASTPTGEALPGTAWRPISASQLGYQGNVSAQGTIS
GEQAIVSDAQVEVLGKYDASGQLLSIGISFRGTDSLKDGINDLQAAFVSGFADNYSRLAFDNLLGKVA
AFAAAQGLSGSDVLVTGHSLGGLGVNSLAAMSSDHWGGFYQDASYVAFASPTQSANSSQVLNIGYEND
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PVFRALDGTHFNASSLGTHDKPQESATNNIVSFTDHYSSFLGKLIPQSILNPQSWSAHSAVDYAGGLN
RLINSDFYDLTSRDSTVVISNLSEGKRDQVWVKDLNLYAEKHTGSTFIIGTQSNDLLHGGKGNDYLDG
GAGDDRFRDDGGYNIIHGGQGHNVLELQQPLKNFSIANDGDGTLYIRDAYGGISMTRDVGALVSHETG
SWWQLFGKDVSHSVTADGLQNGNQWTAYNHSLNGDAYGNALVASVDGDWLFGHGGDDLLSSDKANVTF
VGGTGNDVMHSSGGGGNTFLFSGNFGFDLIHGYQNTDKLVFMGVPGVDAHYDYSQHLSQNGNDTLLSV
GEFSVTLVGVGMDSLSGSGLVFA' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00082 Polyurethanase B Pse
udomonas protegens PU.tsv -outfmt 6 -num threads 8

echo 'MGTLLVVGDSISAAFGLDSRQGWVALLEKRLSEEGFEHSVVNASISGDTSAGGAARLSALLA
EHKPELVIIELGGNDGLRGQPPAQLQQNLASMVEQSQQAGAKVLLLGMKLPPNYGVRYTTAFAQVFTD
LAEQKQVSLVPFFLEGVGGVPGMMQADGIHPAEAAQEILLDNVWPTLKPML' | tblastn -quer
y - -db all genomes database/genomes.fasta -out all genomes blasts/0
0087 Polyesterase Pseudomonas pseudoalcaligenes PBAT.tsv -outfmt
6 -num_threads 8

echo "MNQSLGVLRLTRGVIALALASVASGCSSTGADRTAATPAAANPAATEPVKWECPAGYEVKEG
LNVDFPHKGMKRAFIVYPAKNVSGPAPVWVPMTGSVESTNDNLTVARSGANSILADHGYTVIAPVRAC
ANQDPNIRGERCNGPGSNGWNWNPWFEGRAADPSGEHWKNDEGPDSSFFVAMVQCVGTKYKLDARRLF
LGGISSGGTMTNRALLFRSNFWAGGLPISGEWYVTSDDGTPLSFDDARAAVAAAPTKIHQGRVGPYPL
PAKVGPLIVMTVWGGEKDLWNCTRPDGSRFLCADYRPSTQAGSNFFSAQPDVVHVACSSTHGHMWPQL
NTQEFNRWALDTLASHPKGSDPRSFKLTQPPEGYTCHVGPFTGLY' | tblastn -query - -d
b all genomes database/genomes.fasta -out all genomes blasts/00022
Oxidized-PVA-hydrolase Pseudomonas sp. O0-PVA.tsv -outfmt 6 -num_ th
reads 8

echo 'MQQNIERNQVSMTTSRFVWGAVMALVALGSASAAELNLPDGAALYRARCGTCHDNPQDRTPA
RDVIARNSPAFIMAAMNGVMAPMAAGLSEAEKQAIALHLGARPAGGSQEINPHAIWGPPSASMPLDGP
KCKGKIPPIDLSTPDQWNGWGAGITNARFQPNPGLTAADVPRLKVKWAFNYPGSKNGQATVVGDRLFV
TSMSGAVYALNAKTGCVYWRHDAAAATRSSVHVVQLPAGAPAQYAIFFSDWTKAAVALDAQTGKQLWK
TTIDDQPGVQMTGSPTYHEGKLFVPISSGNEAFATNDQWECCKFRGALVALDALSGKVLWKTYTTQKE
PAPFRLNKLGKQMWGPAGGSIWSAPTIDPKRGLVYVATSNSYTEVHHEGSDAVMAMEIETGKVRWINQ
VTKDDNYIIGCPRAANCPEKVGPDFALGNSPILHTLQDGRQYIVVGQKSGAVYAMDPDNDGELIWMRR
VSPGSELGGVEFGMAADAENVYVGISDVITRKGGKPGVYALRIRDGADVWAFPAPRTPCRWNNIFCHP
AVSQAVTAMPGVVFAGSMDGHFRAFSTSDGKVLWEFNTAAAPYKTVAGKQADGGVMDGAGPTIAGGMV
YVHSGYAGRSTQNAGDLRGREGNVLIAFSVDGK' | tblastn -query - -db all genome
s _database/genomes.fasta -out all genomes blasts/00010 PVA-dehydrog
enase  Pseudomonas sp. PVA.tsv -outfmt 6 -num threads 8

echo '"MGIFDYKNLGTEGSKTLFADAMAITLYAYHNLDNGYAVGYQHNGLGLGLPATLVQALLGSTD
SQGVIPGIPWNPDSEKAALDAVQQAGWTPISASSLGYTGKVDARGTFFGEKPGYTTAQVEVLGKYDDA
GKLLEIGIGFRGTSGPREHLISDSIGDVISDLLAAFGPKDYAKNYVGEAFGGLLKNVAEFAGAHGLSG
QDVLVSGHSLGGLAVNSMADLSDSKWSGFYKDANYVAYASPTQSGGDKVLNVGYENDPVFRALDGASF
NLSSLGVHDKPHESTTDNIVSFNDHYASSLWNVLPFSILNLPTWVSHLPTGYGDGMTRILDSGFYEQM
TRDSTVIVANLSDPARANTWVQDLNRNAEAHKGDTFIIGSHGDDLIQGGKGADFIEGGKGNDTIRDSS
GHNTFLFSGHFGNDRVVGYQATDKLVFTDVQGSADYRDHAKLVGGDTVISFGADSVTLVG' | tbla
stn -query - -db all genomes database/genomes.fasta -out all genomes
_blasts/00094 Polyurethanase Pseudomonas sp. PU.tsv -outfmt 6 -nu
m_threads 8

echo 'EHIRGHHVHVSTPEDASSSRFGQSLYAFLPHAYKHNFLNAWRLEAERLHRRGLPALHWRNEL
IWWYAISALLLLGFSLAFGWLGALFFLGQALMAFTLLEIVNYVEHY' | tblastn -query - -
db all genomes database/genomes.fasta -out all genomes blasts/00061
_Alkane-hydroxylase Pseudomonas sp. PE.tsv -outfmt 6 -num threads
8

echo 'MTKQSLPQGMADQRLCRFFTAALCSLLMLLLWPTTVTAGQTFSYTSPQQAYSGSRERSYKVY
VPTGLSTPAPMVMALHGCRQTNDDVLNDWGLKAAADRYGFILVAPFITSYDGLRNENCWGFWFEQHIH
QGGGEVADLHRIAQQVEANFVIDANRRFITGLSSGGAMALVAAVAYNEYWAAAAPAAGLPYRETASSV
SLSGQCPGSATFRSVSQVAADMRSEVNDAYPIPLMILQNRNDCTVLQTAANNMRDAHLQVFGSASRNT
PATTKASDTGCSPYHQNDYGCRHIAYTQDGTTATRSLVETVIYDGPLATPNPQDTNHGHYWIGGAQGN
NGKWSLQVGPSYPDIIWDFFSRHSRDGSQPQGHPVIVLQGDNPLSVPLGSTFNDPGASASDAEDGSLP
VSADCSAVNPSVVGSYSCLYSATDSDGNRSTLTRTVEVYDPNAPVETCQVVSASPSAHIGAGRAYAGG
TSNLRAYAKDDGVDIGGSFDTWSNVPLYEGEPGRWYAQRPAACGGSGQAFTCQEWNASNLSHVMAGRA
YYGYYTVGGNQYLGSLSGLSTWVRETAQGHFQAGRCSN' | tblastn -query - -db all g
enomes _database/genomes.fasta -out all genomes blasts/00018 PHB-dep
olymerase Pseudomonas stutzeri P3HP P4HB PEA PES PHB.tsv -outfmt 6
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-num_threads 8

echo "MQFKSTFAALVLAAAGLVQAAPLQERAGCSSYVIINTRGTSEPQGPSVGFRTMNTRIRSAVS
GGSEYDTVYPAGIDQNSAQGTANIVAQVKAGLARNPNTCFLLEGYSQGAAATCNALPQLTGAAFDAVK
GVILIGNPEHKPNLACNVDGNGGKTTFSARGISAAFTQGVPSNWVSKTLDICIYGDGVCDVSSGFGIT
PQHLTYGYNTNVQTMGANFGIKALQG' | tblastn -query - -db all genomes datab
ase/genomes.fasta -out all genomes blasts/00103 Esterase Pseudozym
a_antarctica PBS PBSA PCL.tsv -outfmt 6 -num threads 8

echo 'MSIDKYSPKTRGLINSRRHKMKQSTNNSASPSGLVVQHLDEKAHLRHQNRMDEATICLSLKS
LDTEVGAHGLNVGVVSVGKVLGGDSESGADVANSVAVDADVERLGDPVGGDALGESSRDTSSAEGGLA
TVTIDVASEVGLVFGVADKNDTLDGVERRTSKLRKGIAGGSGTLGVALEEEARVGVAGQTGLDLGHDV
GSTLGRVLVDTGWVDGVVFGATRNGGANAGVHGAEADRGTLRLAGTASVDDDVRRTASTLLERSSLHE
TSGGKDEGGKGRLELHLEIDRKGG' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00068 Cutinase Pseudozyma
antarctica_PBS-Blend PBSA-Blend.tsv -outfmt 6 -num threads 8

echo 'MVRRLWRRIAGWLAACVAILCAFPLHAATAGPGAWSSQQTWAADSVNGGNLTGYFYWPASQP
TTPNGKRALVLVLHGCVQTASGDVIDNANGAGFNWKSVADQYGAVILAPNATGNVYSNHCWDYANASP
SRTAGHVGVLLDLVNRFVTNSQYAIDPNQVYVAGLSSGGGMTMVLGCIAPDIFAGIGINAGPPPGTTT
AQIGYVPSGFTATTAANKCNAWAGSNAGKFSTQIAGAVWGTSDYTVAQAYGPMDAAAMRLVYGGNFTQ
GSQVSISGGGTNTPYTDSNGKVRTHEISVSGMAHAWPAGTGGDNTNYVDATHINYPVFVMDYWVKNNL
RAGSGTGQAGSAPTGLAVTATTSTSVSLSWNAVANASSYGVYRNGSKVGSATATAYTDSGLIAGTTYS
YTVTAVDPTAGESQPSAAVSATTKSAFTCTATTASNYAHVQAGRAHDSGGIAYANGSNQSMGLDNLFY
TSTLAQTAAGYYIVGNCP' | tblastn -query - -db all genomes database/geno
mes.fasta -out all genomes blasts/00019 PHB-depolymerase Ralstonia
_pickettii P3HP_P4HB PEA PES PHB.tsv -outfmt 6 -num threads 8

echo '"MKHPYGYRWHWLYALVVTLMTALATFSAHAAVTAGPGAWSSQQTWAADTVNGGNLTGYFYWP
ASQPTTPNGKRALVLVLHGCLQTASGDVIDNANGAGFNWKTIAEQYGAVVLAPNATGNVYSNHCWDYA
NTSPSRTSGHVGVLLDLVNRFVTNSQYAIDPNQVYVAGLSSGGGMTMVLGCIAPDIFAGIGINAGPPP
AITRWKIGVVPSGYTATTAANNCKAWAGSNASSFNTQIAGAVWGTSDYTVAQAYGPMDTAAFRQIYGG
TFTQGAQVSISGGGTNTPYTDSNGKLRTHEISVSGMAHAWPAGTGGDNNNYVDATHINYPAFVMDYWV
KNNLRAGSGPVQSAGTPTGLTVTGTTTTSVSLSWNAVTNATSYNVYRNGSKVGSSTSTTYTDTGLIAG
TTYSYTVTEIDPTAGESAQSSAVSAKTQSSFACTATTASNYAHVQAGRAHDSGGIAYANGSNQSMGLD
NVFYTNTLAQTAAGYYVIGNCP' | tblastn -query - -db all genomes database/
genomes.fasta -out all genomes blasts/00001  PHB-depolymerase Rals
tonia pickettii PHB.tsv -outfmt 6 -num threads 8

echo 'MKNPFAHGSLPPIPLPDLTEATRLTRSGRLGEATALIGRLLGRGQPEATPPFEPSPLTPPTI
DGEAIEITPRPGGAPRPQAPPAGRGAFLALTHRGPAGTRDYKLFVPPGSGDSSLPLILMLHGCTQDPD
DFAAGTGMNKLAEEAGCLVAYPRQPASANPSKCWNWFNDENQHRGQGEAALLAELTRAIIGERRVDPA
RVYVAGLSAGGAAAAILAVTYPDLFAAVGVHSGLACGAARDMASAFAAMRQGGATVRPAPSAIPAIVF
HGDRDTTVHPGNGDSLVSQFTADRSGLRETSQTGRAPGGHGYRRTLHSAADGTVLCEQWTIQGGGHAW
SGGQPAGSFTDPRGPDASAEMLRFFLAQCHPGLGAKAPC' | tblastn -query - -db all
genomes_database/genomes.fasta -out all genomes blasts/00060 PHB-de
polymerase Rhodospirillum rubrum PHB.tsv -outfmt 6 -num threads 8
echo 'MRIRRQAGTGARASMARAIGVMTTALAVLVGAVGGVAGAEVSTAQDNPYERGPDPTEDSIEA
IRGPFSVATERVSSFASGFGGGTIYYPRETDEGTFGAVAVAPGFTASQGSMSWYGERVASQGFIVFTI
DTNTRLDQPGQRGRQLLAALDYLVERSDRKVRERLDPNRLAVMGHSMGGGGSLEATVMRPSLKASIPL
TPWNLDKTWGQVQVPTFIIGAELDTIASVRTHAKPFYESLPSSLPKAYMELDGATHFAPNIPNTTIAK
YVISWLKRFVDEDTRYSQFLCPNPTDRAIEEYRSTCPY' | tblastn -query - -db all g
enomes _database/genomes.fasta -out all genomes blasts/00074 Cutinas
e Saccharomonospora viridis PBAT PBS PBSA PCL PET PHB PLA.tsv -out
fmt 6 -num threads 8

echo '"MRIRRQAGTGARASMARAIGVMTTALAVLVGAVGGVAGAEVSTAQDNPYERGPDPTEDSIEA
IRGPFSVATERVSSFASGFGGGTIYYPRETDEGTFGAVAVAPGFTASQGSMSWYGERVASQGFIVFTI
DTNTRLDQPGQRGRQLLAALDYLVERSDRKVRERLDPNRLAVMGHSMGGGGSLEATVMRPSLKASIPL
TPWNLDKTWGQVQVPTFIIGAELDTIASVRTHAKPFYESLPSSLPKAYMELDGATHFAPNIPNTTIAK
YVISWLKRFVDEDTRYSQFLCPNPTDRAIEEYRSTCPY' | tblastn -query - -db all g
enomes database/genomes.fasta -out all genomes blasts/00076 Cutinas
e Saccharomonospora viridis PBAT PBS PBSA PCL PET PHB PLA.tsv -out
fmt 6 -num threads 8

echo 'MRSIRLKRLIAAVALGGAAAATQAASPLPRLNVDKTQISVSGLSAGGFMANQLGYAYSGTFM
GVGIFAGGPYMCAGHSNYTSCMYNATITSSMRSAMQASIDNWSGAHIDPKAHVANQRVFLFVGNSDTT
VGPNPMDAVHAQYQHNGVRRTARVRGRNSTAHVFPTDFDATGNNACNSTASPYIANCGYDGAKAVLSR
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IYGTLQPRNDAPAGANYIEFDQTAFTNNPGMASTGWVYVPANCAAGAQCRLHVALHGCQQSTGHIGDR
FVKNTGYTRWADTNNIIVLFPQAKTDNTPRNTAASGMLPNPNACWDWVGWYGSNFAQKTGTQAAAIKA
MVDHVASARPRLRLPAPTGVQTSGATSSSMVISWAAVQGAAGYNVYRDGTKVNATAVSGTSYTDNGLS
PGTTYQWTVRAVNAQGPRPAVGPATGTTTGTAAVCFTSSNYAHVSAGRAYVSMGYTYANASHQNMGLW
NVFVTTTLKQTGPNYYVIGTCP' | tblastn -query - -db all genomes database/
genomes.fasta -out all genomes blasts/00030 PHB-depolymerase Schle
gelella sp. PHB.tsv -outfmt 6 -num threads 8

echo "MRSIRLKRLIAAVALGGAAAATQAASPLPRLNVDKTQISVSGLSAGGFMANQLGYAYSGTFM
GVGIFAGGPYMCAGHSNYTSCMYNATITSSMRSAMQASIDNWSGAHIDPKAHVANQRVFLFVGNSDTT
VGPNPMDAVHAQYQHNGVRRTARVRGRNSTAHVFPTDFDATGNNACNSTASPYIANCGYDGAKAVLSR
IYGTLQPRNDAPAGANYIEFDQTAFTNNPGMASTGWVYVPANCAAGAQCRLHVALHGCQQSTGHIGDR
FVKNTGYTRWADTNNIIVLFPQAKTDNTPRNTAASGMLPNPNACWDWVGWYGSNFAQKTGTQAAAIKA
MVDHVASARPRLRLPAPTGVQTSGATSSSMVISWAAVQGAAGYNVYRDGTKVNATAVSGTSYTDNGLS
PGTTYQWTVRAVNAQGPRPAVGPATGTTTGTAAVCFTSSNYAHVSAGRAYVSMGYTYANASHQNMGLW
NVFVTTTLKQTGPNYYVIGTCP' | tblastn -query - -db all genomes database/
genomes.fasta -out all genomes blasts/00031 PHB-depolymerase Schle
gelella sp. PHB.tsv -outfmt 6 -num threads 8

echo 'MRSIRLKRLIAAVALGGAAAATQAASPLPRLNVDKTQISVSGLSAGGFMANQLGYAYSGTFM
GVGIFAGGPYMCAGHSNYTSCMYNATITSSMRSAMQASIDNWSGAHIDPKAHVANQRVFLFVGNSDTT
VGPNPMDAVHAQYQHNGVRRTARVRGRNSTAHVFPTDFDATGNNACNSTASPYIANCGYDGAKAVLSR
IYGTLQPRNDAPAGANYIEFDQTAFTNNPGMASTGWVYVPANCAAGAQCRLHVALHGCQQSTGHIGDR
FVKNTGYTRWADTNNIIVLFPQAKTDNTPRNTAASGMLPNPNACWDWVGWYGSNFAQKTGTQAAAIKA
MVDHVASARPRLRLPAPTGVQTSGATSSSMVISWAAVQGAAGYNVYRDGTKVNATAVSGTSYTDNGLS
PGTTYQWTVRAVNAQGPRPAVGPATGTTTGTAAVCFTSSNYAHVSAGRAYVSMGYTYANASHQNMGLW
NVFVTTTLKQTGPNYYVIGTCP' | tblastn -query - -db all genomes database/
genomes.fasta -out all genomes blasts/00029 PHA-depolymerases Schl
egelella thermodepolymerans P3HB-co-3MP.tsv -outfmt 6 -num threads
8

echo "MCLVTLYRCTPIWVRNRGMHKFDFVVVGAGSAGCTVASRLSENGKYQVALLEAGGSHNNPLI
SIPFNFAFTVPKGPHNWSFETVPQEGLNGRRGYQPRGKVLGGSSSINAMVYIRGAKEDYEHWAALGNE
GWSYEEVLPFFKKAQNRVKGANEYHAQGGPLTVSPPRSPNPLNDMFIKAGMDCQLPYNEDFNGETQEG
IGCYELTQDRGKRCSAALAYVTPAEKRKNLTIFKQAFVEKVLVENGQATGVMVKLNGNLQLIKARREV
ILSCGAFQSPQLLLLSGIGAKDKLDPHKIKVVHELPGVGENLYDHVDFCLMYQSDSEHVLGKNARSVF
RVAWNQFKYFAGRRGILTTNFNESGAFYFTNPDERSPDIQLHFAFTLVDQHGLKRHGRGGFGCHVCVL
RPKSHGNLTLADANPATPPLIDPAFLKDERDVATLLAGVKRAQQILQAPAFDEIRGKPVYATASNNDD
ELIEDIRNRADTIYHPVGTCKMGPDSDPMAVVDSSLRVRGIRNLRVIDASIMPSIVSGNTNAPTIMIG
EKGAQMILDEAESYT' | tblastn -query - -db all genomes database/genome
s.fasta -out all genomes blasts/00032 PEG-dehydrogenase Sphingomon
as_macrogoltabidus PEG.tsv -outfmt 6 -num threads 8

echo 'MFKPVVKSRSSRSFCYLAGCLAMVAATLSSTAQAKSEWACPEGFTPKAGLNTDFPSDGKKRA
FVVVPPKDSAGGAPVWVPMVGTVEATNWNLNVPRSGNNAKLAEHGYMVISPVRQCAEQDPNLGAGACN
GVGKDGWTWNPWNDGRAPDASGDKYKTDAGDDVRFLEAMVRCVGTKWKLDRKRLFLGGISAGGTMTNR
ALLFDSEFWAGGMPISGEWYSTKDDGSTVPFQETRKMVAAAPAKIWQGRVGPYPLPSKLDPMVVITVW
GGEKDLWDCGPPLGLCSDYRPTTQASSNYFSSISNVVHVACSATHGHMWPQVNTDAFNLWALNTMASH
PKGSSPKDFKLTAPPEGYSCKIGRFTDHYK' | tblastn -query - -db all genomes d
atabase/genomes.fasta -out all genomes blasts/00033 PVA-hydrolase
Sphingomonas sp. PVA O-PVA.tsv -outfmt 6 -num threads 8

echo "MAALQQRTIDLLRTHQDTVVAQWSDQLAGSGQGQDGRLSTRELDAQVREFWRLFQTAVSTNG
TGVAGSEWQDTRQFLEQLSRDRVLKGFSSSETASFLFSLKRPLFELVQQNFADDPKAVGDQLWAISEL
IDGLGLHSVKVYQKTREDVIQRQQEEMLELSTPVVKLWEGVLALPMIGTLDSQRTQVVMESLLQRIVD
TGSEIAIIDITGVPTVDTLVAQHLLKTVTAIRLMGADAIISGVRPQIAQTIVHLGLDLQGIVTKANLA
DALALALKRTGQTVTKAAR' | tblastn -query - -db all genomes database/gen
omes.fasta -out all genomes blasts/00093 PVA-dehydrogenase Stenotr
ophomonas_rhizophila PVA.tsv -outfmt 6 -num threads 8

echo 'MQPPPFRGILTPLFPLSSSPPVGSLSRPGRRGVLTRLVAVVALVLGAALLGPAPTAHAAAGL
AKPGLTKADLTEVADFGTNPGRLNMYVYRPASLPAEPAVVFALHGCTQDAQGYADNSGLLSFADRYGF
LLVFAETTSSNNANRCFNWFQSSDNRRGQGEAASIRQMAAHTVSAYGADPQRTYITGLSAGGAMTSVM
LATYPDVFQAGAVVAGLPFGCATDVSSAYLCMNPGTDLTADQWARRVRDGYPSWSGPWPRVAIWHGDK
DTTVAPRNADELRDQWTAVHGVSQTPDRTSVIGPNSTRHEEYLAADGSVAVEVNRVPGIGHGTPVDPG
TGAQQCGSTGAAYFLDSICSSYWITQFFGLSGSASDPGSLPAPSGLAATGATDTTISLTWKPVDGATD
YAVHRDGAQITTSATTSYTDTGLRAGTSHTYAVAARDADGKAGPLSGAVTAQTTGATAVCWTAGNYAH
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VQAGRATTSAGYTYAKGSGQNMGLYNTFVTTTLKESPTGYFTVANDTCP' | tblastn -query
- -db all genomes database/genomes.fasta -out all genomes blasts/000
67 PHB-depolymerase Streptomyces ascomycinicus PHB.tsv -outfmt 6
-num_threads 8

echo 'MFQRVWALTAALMLMLSLGATSSHAAQNPHERGPDPSNSYIEQARGSYSVSQRSISRLGSDG
FRDGTMYYPTSTADGRFGVVAISPGYTASESTIAWLGPRLASFGFVVVTINTDSRYDQPRQRATQLHA
ALDHAIGDSVVGPRIDTSRQAVMGHSMGGGGALQAAEERDEIRAAVPLTPWNLKKGWSGVDAATLVIG
AENDAIAPVRSHSIPFYESLTNAERRAYLELRREGHFAPNSSNTLIAKYSVSWLKRYVDNDLRYDQFI
DPGPRTGITTGVSDYRLG' | tblastn -query - -db all genomes database/geno
mes.fasta -out all genomes blasts/00102 Hydrolase Streptomyces sp.
__PCL.tsv -outfmt 6 -num threads 8

echo 'MKEYPNLYIGGQWVSPHSDNMSTVINPSTEEVCAKIASGDKADVDAPVRAAREAFDSFWQSS
RESRVKLLRDVVAGIQSRADEFAEAINQEMGAPLWWAQQAQVPAGIAHFATAADVLEKFKFVEAKGTT
HLRREAIGVCGMITPWNWPLNQVACKIAAALAVGCTVVLKPAEQTPLDSILLAEVIDAAGAPPGVFNL
VTGSGSVVGSALSDHPEVDMVSFTGSTRAGAMVAKAAADSIKRVSQELGGKSVNLVLPDADLQESVVR
AVRSLMSNAGQTCSAGSRLLVPADRQEEATATAKQTAESIPVALSADADAPAIGPISTQRQYEQVKKL
IGVGIDEGATLVTGGVESPSGATKGFFVKPTIFANVNNAMAIAQEEIFGPVLVIIAYEDVDQAVQIAN
DSPYGLSGYVQGPHEQAVEVASSIRTGQVFINNAHADFNAPFGGFKQSGNGREWGEVGFDEFLEY' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00035 PEG-aldehyde-dehydrogenase Streptomyces sp. PE
G.tsv -outfmt 6 -num threads 8

echo 'MTASTTRQRISARRLGLRRATLGVATAGLVAAMFTAASAQAATGPVAGSTHVSASAAGSDTI
QANFVVSEAQFNQMFPNRNPFYTYQGLVDALSAFPGFANTGDDTTKKQEAAAFLANVNHETGGLQYVV
EQNTANYPAYCDWSQPYGCPAGQDAYYGRGPIQLSWNFNYKAAGDAIGVDLLNNPWLVENDPATAWKT
GLWYWNTQSGPGTMTPHDAMVNHAGFGQTIRSINGSLECDGRNPAQVQSRVDAYQRFTSILGVAPGDN
LYC' | tblastn -query - -db all genomes database/genomes.fasta -out
all genomes blasts/00069 Chitinase Streptomyces thermoviolaceus P
CL.tsv -outfmt 6 -num threads 8

echo 'MFDSVKIAWLVALGAAQVAATALPAFNVNPNSVSVSGLSSGGYMAAQLGVAYSDVFNVGFGV
FAGGPYDCARNQYYTSCMYNGYPSITTPTANMKSWSGNQIASVANLGQRKIYMWTGSSDTTVGPNVMN
QLKAQLGNFDNSANVSYVTTTGAVHTFPTDFNGAGDNSCSLSTSPYISNCNYDGAGAALKWIYGSLNA
RNTGTLSGSVLSFAQSGSYGANGMDTTGYLYVPQSCASGATVCSLHVALHGCLQSYSSIGSRFIQNTG
YNKWADTNNMIILYPQAIPDYTIHAIWNGGVLSNPNGCWDWVGWYGSNADQIGGVQMAAIVGQVKQIV
SGFQG' | tblastn -query - -db all genomes database/genomes.fasta -ou
t all genomes blasts/00020 PHB-depolymerase Talaromyces funiculosu
S PHB.tsv -outfmt 6 -num threads 8

echo "MANPYERGPNPTDALLEASSGPFSVSEENVSRLSASGFGGGTIYYPRENNTYGAVAISPGYT
GTEASIAWLGGRIASHGFVVITIDTITTLDQPDSRAEQLNAALNHMINRASSTVRSRIDSSRLAVMGH
SMGGGGTPRLASQRPDLKAAIPLTPWHLNKNRSSVTVPTLIIGADLDTIAPVATHAKPFYNSLPSSIS
KAYLELDGATHFAPNIPNKIIGKYSVAWLKRFVDNDTRYTQFLCPGPRDGLFGEVEEYCSTCPF' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00107 Cutinase Thermobifida alba PET.tsv -outfmt 6 -n
um threads 8

echo 'MSVTTPRREASLLSRAVAVAAAAAATVALAAPAQAANPYERGPNPTESMLEARSGPFSVSEE
RASRLGADGFGGGTIYYPRENNTYGAIAISPGYTGTQSSIAWLGERIASHGFVVIAIDTNTTLDQPDS
RARQLNAALDYMLTDASSSVRNRIDASRLAVMGHSMGGGGTLRLASQRPDLKAAIPLTPWHLNKSWRD
ITVPTLIIGADLDTIAPVSSHSEPFYNSIPSSTDKAYLELNNATHFAPNITNKTIGMYSVAWLKRFVD
EDTRYTQFLCPGPRTGLLSDVDEYRSTCPF' | tblastn -query - -db all genomes d
atabase/genomes.fasta -out all genomes blasts/00054 Esterase Therm
obifida alba PCL.tsv -outfmt 6 -num threads 8

echo 'MSVTTPRRETSLLSRALRATAAAATAVVATVALAAPAQAANPYERGPNPTESMLEARSGPFS
VSEERASRFGADGFGGGTIYYPRENNTYGAIAISPGYTGTQSSIAWLGERIASHGFVVIAIDTNTTLD
QPDSRARQLNAALDYMLTDASSAVRNRIDASRLAVMGHSMGGGGTLRLASQRPDLKAAIPLTPWHLNK
SWRDITVPTLIIGAEYDTIASVTLHSKPFYNSIPSPTDKAYLELDGASHFAPNITNKTIGMYSVAWLK
RFVDEDTRYTQFLCPGPRTGLLSDVEEYRSTCPF' | tblastn -query - -db all genom
es database/genomes.fasta -out all genomes blasts/00055 Esterase T
hermobifida alba PCL.tsv -outfmt 6 -num threads 8

echo 'MANPYERGPNPTDALLEARSGPFSVSEERASRFGADGFGGGTIYYPRENNTYGAVASPGYTG
TQASVAWLGERIASHGFVVITIDTNTTLDQPDSRARQLNAALDYMINDASSAVRSRIDSSRLAVMGHS
MGGGGTLRLASQRPDLKAAIPLTPWHLNKNWSSVRVPTLIIGADLDTIAPVLTHARPFYNSLPTSISK
AYLELDGATHFAPNIPNKIIGKYSVAWLKRFVDNDTRYTQFLCPGPRDGLFGEVEEYRSTCPF' | t
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blastn -query - -db all genomes database/genomes.fasta -out all geno
mes blasts/00058 Cutinase Thermobifida cellulosilytica PET.tsv -o
utfmt 6 -num threads 8

echo 'MANPYERGPNPTDALLEASSGPFSVSEENVSRLSASGFGGGTIYYPRENNTYGAVAISPGYT
GTEASIAWLGERIASHGFVVITIDTITTLDQPDSRAEQLNAALNHMINRASSTVRSRIDSSRLAVMGH
SMGGGGTLRLASQRPDLKAAIPLTPWHLNKNWSSVTVPTLIIGADLDTIAPVATHAKPFYNSLPSSIS
KAYLELDGATHFAPNPNKIIGKYSVAWLKRFVDNDTRYTQFLCPGPRDGLFGEVEEYRSTCPF' | t
blastn -query - -db all genomes database/genomes.fasta -out all geno
mes blasts/00059 Cutinase Thermobifida cellulosilytica PET.tsv -o
utfmt 6 -num _threads 8

echo 'ANPYERGPNPTDALLEARSGPFSVSEENVSRLSASGFGGGTIYYPRENNTYGAVAISPGYTG
TEASIAWLGERIASHGFVVITIDTITTLDQPDSRAEQLNAALNHMINRASSTVRSRIDSSRLAVMGHS
MGGGGSLRLASQRPDLKAAIPLTPWHLNKNWSSVTVPTLIIGADLDTIAPVATHAKPFYNSLPSSISK
AYLELDGATHFAPNIPNKIIGKYSVAWLKRFVDNDTRYTQFLCPGPRDGLFGEVEEYRSTCPF' | t
blastn -query - -db all genomes database/genomes.fasta -out all geno
mes blasts/00106 Cutinase Thermobifida fusca PET.tsv -outfmt 6 -n
um threads 8

echo 'MANPYERGPNPTDALLEARSGPFSVSEENVSRLSASGFGGGTIYYPRENNTYGAVAISPGYT
GTEASIAWLGERIASHGFVVITIDTITTLDQPDSRAEQLNAALNHMINRASSTVRSRIDSSRLAVMGH
SMGGGGSLRLASQRPDLKAAIPLTPWHLNKNWSSVRVPTLIIGADLDTIAPVLTHARPFYNSLPTSIS
KAYLELDGATHFAPNIPNKIIGKYSVAWLKRFVDNDTRYTQFLCPGPRDGLFGEVEEYRSTCPF' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00057 Cutinase Thermobifida fusca PET.tsv -outfmt 6 -
num_threads 8

echo '"MRGVWRYMPVYYYKCMLIPLLTFTKISIISKPQESRISLIICRTMPTVATFLGLAISGAAMA
SGAALGAYNVDPNSISVSGLSSGGFMSAQLGVAYSDTFKVGFGVFAGGPYDCARGQSYTTCMYNQNPS
ITTPVANMKSWSGNKINPVSNLQSRKIYMWTGTADTTVGPNVMSQLKTQLANFASAANVSYITTSGAA
HTFPTDFDAAGDNSCSSSVSPYISNCQCDGAGAVLQWMYGPLNARNPGTLSGSIVSFSQTGEYGASGM
DTTGYLYVPRACQPGSSTVCKLHVALHGCKQSYSMIGSKFVSNTGYNMWADTNDIIILYPQAVADNTM
HTIWTGMPLPNPNGCWDWVGWYGANADQVGGVQMAAIVNQVARVVSGYGAGSSSSTTAATPTTTTGSI
TTTTTTTATVTTTAVAPLYGQCGGIGWTGPTACATGVCTAYSPYYAQCLLIV' | tblastn -que
ry - -db all genomes database/genomes.fasta -out all genomes blasts/
00073 Cutinase Thermobifida fusca PET.tsv -outfmt 6 -num_threads
8

echo "MANPYERGPNPTNSSIEALRGPFRVDEERVSRLQARGFGGGTIYYPTDNNTFGAVAISPGYT
GTQSSISWLGERLASHGFVVMTIDTNTTLDQPDSRASQLDAALDYMVEDSSYSVRNRIDSSRLAAMGH
SMGGGGTLRLAERRPDLQAAIPLTPWHTDKTWGSVRVPTLIIGAENDTIASVRSHSEPFYNSLPGSLD
KAYLELDGASHFAPNLSNTTIAKYSISWLKRFVDDDTRYTQFLCPGPSTGWGSDVEEYRSTCPF' |
tblastn -query - -db all genomes database/genomes.fasta -out all gen
omes blasts/00108 Serine-hydrolase Thermobifida halotolerans PET.
tsv -outfmt 6 -num threads 8

echo 'MSLRKSFGLLSATAALVAGLVAAPPAQAAANPYQRGPDPTESLLRAARGPFAVSEQSVSRLS
VSGFGGGRIYYPTTTSQGTFGAIAISPGFTASWSSLAWLGPRLASHGFVVIGIETNTRLDQPDSRGRQ
LLAALDYLTQRSSVRNRVDASRLAVAGHSMGGGGTLEAAKSRTSLKAAIPIAPWNLDKTWPEVRTPTL
IIGGELDSIAPVATHSIPFYNSLTNAREKAYLELNNASHFFPQFSNDTMAKFMISWMKRFIDDDTRYD
QFLCPPPRAIGDISDYRDTCPHT' | tblastn -query - -db all genomes databas
e/genomes.fasta -out all genomes blasts/00110 Triacylglycerol-lipas
e Thermomonospora curvata PET.tsv -outfmt 6 -num threads 8

echo '"MPITARNTLASLLLASSALLLSGTAFAANPPGGDPDPGCQTDCNYQRGPDPTDAYLEAASGP
YTVSTIRVSSLVPGFGGGTIHYPTNAGGGKMAGIVVIPGYLSFESSIEWWGPRLASHGFVVMTIDTNT
IYDQPSQRRDQIEAALQYLVNQSNSSSSPISGMVDSSRLAAVGWSMGGGGTLQLAADGGIKAAIALAP
WNSSINDFNRIQVPTLIFACQLDAIAPVALHASPFYNRIPNTTPKAFFEMTGGDHWCANGGNIYSALL
GKYGVSWMKLHLDQDTRYAPFLCGPNHAAQTLISEYRGNCPY' | tblastn -query - -db a
11l genomes database/genomes.fasta -out all genomes blasts/00098 PET
-hydrolase Uncultured bacterium PCL PET.tsv -outfmt 6 -num threads
8

echo 'MEMVKGVHLAIAALLFLCVLPGNADASEKQFDLVLVHGLTNKHRWSDSFLRALVNEWGSGNV
YVIYTNQSMQVSKRTIDGKTITFIGKNDFSAGDDSVKDQAEIMAEKIEVLKRDHGLSPQFYIIAHSMG
GLVSRQYIYDHPNTVAGLVTLGTPHHGSPLASDFDWLGFFIGAEAAMDNLRPEWVEDFNRRFPVENAP
LYNGGKIYTIRGDSDGKIWEWGAMGELYVGWHILHKKHGTDSDGLVPHASAVIEGAVHLADFPNYHHL
DLVTREEVAKKAAEVLR' | tblastn -query - -db all genomes database/genom
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es.fasta -out all genomes blasts/00047 PLA-depolymerase Uncultured
_bacterium_PLA PBS PBSA PCL PES PHB.tsv -outfmt 6 -num threads 8
echo 'MHESVHAESLWLTMDDGAEVYVRVWEPAARAAADSSDDAPAPPAAAGGPRAVLQLAHGMTEH
SGRYDDFARFLAGRGFAVVGNDHRGHGHTGERADSMGYLADQDGFERLVDDLRAVHEWACRRWPGAPR
FLMGHSMGSFLVRRYIQRYGDTVAGVIIMGTAGNPGLPGKIGRRLARLEMRRRGPRHPSMLLTSLVFG
GYNKKIRSPKTAFDWLSRDAEAVKAYVADPWCGFVPSAGFYFDLLTGLLLIHDEREIARIPKDLPMLF
LSGDADPVTGYGKGVERVIAQYERHGLRRMTSILYKDARHELLNELNKEEVYGDILKWLENTQAGILR
NLSK' | tblastn -query - -db all genomes database/genomes.fasta -out
all genomes blasts/00048 PLA-depolymerase Uncultured bacterium PB
S PBSA PCL PES PLA.tsv -outfmt 6 -num threads 8

echo 'MLLKKRWLIFISFLLAFTLLIPTAASASEKHYKPNIALEPIENSEGNEHPIILVHGLGGFGR
DELGGIIKMWGGIHDIEKKLREKGYKVYTAAVGPVSSNRDRAIELYYQIKGGTVDYGEAHAKKYGHDR
YGRTYPGFYPEWGEINPKTGKPNKVHLIGHSMGGQTIRTLAQLLYEGDPEEHKTGGNDISPLLSGEKQ
PWLHSVLSISSPHDGSTATYLVNDVIPIIQELVIGAAIFAGNIDQNLYDFKLDHWGIKKRPGESFHSY
VQRVRNSPGWKTKDTANWDLKPEGAYELNRWVKAQPDVYYFSVSNTQSRRSLLTGYYVPDLFMNPFLH
PTAYYIGSKTFRKSNFVLDKTWWENDGLVSVKAMKGPNIGSNDVIVEYNGTPRKGVWNHLGTMRQFDH
LDIIGWGVRDVTSWYEDVARFLYSLPDDY' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00049 PLA-depolymerase
__Uncultured bacterium PBS PBSA PCL PES PHB PLA.tsv -outfmt 6 -num_
threads 8

echo 'SFLLAFTPFVPTATASASEKNYQPNINLEPIQNSEGNEYPIILVHGLGGFGRDELGGIIKMW
GGIHDIEKKLREKGYKVYTAAVGPVSSNRDRAIELYYQIKGGTVDYGEAHAKKTGHSRYGRTYPGFYP
EWGEINPKTGKPNKVHLIGHSMGGQTIRTLAQLLYEGDPEEQKISGNDISPLLSGEKQPWLHSVLSIS
SPHDGSTATYLVNDVIPIIQELVIGAAIFAGNIDQNLYDFKLDHWGIKKQPGESFHSYVQRVRNSPGW
KTKDTANWDLKPEGAYELNRWVKAQPDVYYFSVSNTQSRRSLLTGHYVPDLFMNPFLHPTSYYIGSKT
FRKSNFVLDKTWWENDGLVSVKAMKGPNIGSNDVIVEYDGTPRKGVWNHLGTMRQFDHLDIIGWGVRD
VTGWYEDVARFLYSLPE' | tblastn -query - -db all genomes database/genom
es.fasta -out all genomes blasts/00050 PLA-depolymerase Uncultured
_bacterium PLA.tsv -outfmt 6 -num threads 8

echo 'MASWQSKILNPVIRALVKRKLLKTHDAAGIRKAFGGVLPPPRGAQFSADVVGGMPGEWAKSG
GAAAGTMLYLHGGGYVGGSTATHRPITAAFAIRGLDVFVPDYRLAPENAFPAAVDDGLAAYKGLLDAG
TIAPAKLTIAGDSAGGGLALAILLAAKAEGVTMPACAILLSPWTDLAVTGETVRTNLDRDPMLTDSVLK
DNAAFYLNGADPKNPLASPLYGDLAGLPPLMITAGDTEVLLEDSTRFAARAREHGVAVSLKIWEGMPH
VWQLFQRVLPEARAAIEEAARFAKAHFST' | tblastn -query - -db all genomes da
tabase/genomes.fasta -out all genomes blasts/00085 Carboxylesterase
__Uncultured bacterium PBAT.tsv -outfmt 6 -num threads 8

echo 'MGKQDLVRAVLENAVASGAVAGAVAAVTTASGTVLEVAAGQQSAEVPAPMAVDSVFWVASMT
KALTTVAAMQLVEDGRLTLNDPIETILPDLANPMVLEGFADDGSPITRPARKKITLGQLLTHTAGFSY
DFASADLARYLAVTGTPSAATGLKAGLRQPLLFEPGERWEYSIGIDWAGQAVEAVSGRRLDDYFAAYV
TGPLGMKDTVFQPGKARDSRRAAMHQRTEDGGLKVVPFDPRPAPEFLSGGGGLYSTAPDYLAFMRMIL
NQGGDILAPETVEAMGRNQIGKLRAGRIGSANPAVIAPSDFYPGMDAKWGLGFLLNPAPGPFGRSAGS
LTWAGLPNCYYWIDPAKGIAAVILMQLLPSGDPGALKTYAGFEAAVYASL' | tblastn -query
- -db all genomes database/genomes.fasta -out all genomes blasts/000
86 Carboxylesterase Uncultured bacterium PBAT.tsv -outfmt 6 -num_
threads 8

echo 'MKKVIVFLVFMLFCTATYAQKVSKVVFFGDSLTDNGNLFRLVELIPKTPPYYQGRFSNGPTW
AENLGEYFVKTNGAKYEIYAYAGATAAAHNIFETLAPTLLVDQVARYLETNPSDDKSKVLFVFWIGAN
DYLFLPTGNADELTTAAIQKTANGITTLLDQGAQNFLILDLPDLSKTPFAADLNMVSQMGSFTILHNQ
KLASLVDKMQKEHPQAQLMLFQLLQFSELIENPAKYNAKYHLNLSNTRAACWQGSVFDDIDTDNLANK
TNKAISNPQPEVKEPILCEHPEQYVFFDHLHPTATVHQLLAALVEEAMNNRWS' | tblastn -qu
ery - -db all genomes database/genomes.fasta -out all genomes blast
s/00088 Carboxylesterase Uncultured bacterium PBAT.tsv -outfmt 6
-num_threads 8

echo 'MNEAMIRGVLEEAVASGGIAGAVVTVTDANATLFQLAVGRQSVAAPDPMRADSVFWIASMTK
AITTVAALQLVEQGKLTLDEPIGDVLPELAEPVVLKGFGADGAPVVEPAQAKLTLKHLLTHTSGFSYE
FANGDLARYLERTGHPSAATGLKAGLRQPLMFEPGARWEYGIGIDWAGQAVEAASGMTLDAYFAAYVT
GPLGMTDTLFLPRADQAARRVAMHQRQPDGSLTAVPFEPRPAPEYLAGGAGLYSTAPDYAAFLRMILN
KGMGLLKPETVAAMGTNQIGALRAGKIGSVNPGLTAEADFYPGMDSKWGLGFLINPEKGSFGRSADSL
TWAGLPNCYYWIDREKGIGAVILMQSLPSGDMGALKAAAGFEYALYASL' | tblastn -query
- -db all genomes database/genomes.fasta -out all genomes blasts/000
89 Carboxylesterase Uncultured bacterium PBAT.tsv -outfmt 6 -num_
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threads 8

echo "MRTVDGRIGMVERRTRLVSLLAAAALAVSLSGCSATTVLNTLEPRWDVAATRDVAYAPGPRH
DVDVYAPKKIGPHTPVVVFIYGGGWDSGEKSKYAFVGSALASHGYLVFIPNYRIYPEAHYPDFLQDCA
LAVRWAKDHAAQYGGDPGELFLMGHSAGAYNAAMLATDPQWLGAVGMDPHRDLKGMVGLAGPYDFLPL
QSDELKAIFGAVGQEPASQPINHVDGREPPMFLAHDLGDTVVYPKNTINMAAKIQAAGGEVETKYYKG
LSHALMIGVFAAPLRFLGPVFRDSTQFIDAHASSSASKP' | tblastn -query - -db all
genomes_database/genomes.fasta -out all genomes blasts/00090 Carbox
ylesterase Uncultured bacterium PBAT.tsv -outfmt 6 -num threads 8
echo 'MTTRPESLGLSAERLKRLDAHFDAKYVQTGKLPFAMTLVSRKGEVAHHGFSGLMDEARGKKYV
EADSLFRIYSMTKPLTSVLFMMLVEEGKVALDDPVHSLIPSWKNLGVYAGGWDMMASKPCARPMQMVD
LLRHTSGLTYGFQQRTNVDAAYRKHNIGVFERQISLDATIEALAALPLEFSPGEAWNYSVSTDILGYL
IGKIEGRPFEEVLKARLTGPLGMDDTDFQVKASERGRFAACSAINAKGERVLNDDPEKSSYLQPPVLV
SGGGGLVSTAGDYLKFCQMMLNGGEANGTRFLSPKTIALMTSNHLPGGVDLPQLSKSLFSEVAYDGVG
FGLGFSVTMDPAKTLLPGTAGEYAWGGAASTAFWIDPKEELIVIFMTQLIPSSFYPIRRELRTLAYSA
ITESFV' | tblastn -query - -db all genomes database/genomes.fasta -o
ut all genomes blasts/00091 Carboxylesterase Uncultured bacterium
_PBAT.tsv -outfmt 6 -num threads 8

echo 'MDGVLWRVRTAALMAALLALAAWALVWASPSVEAQSNPYQRGPNPTRSALTADGPFSVATYT
VSRLSVSGFGGGVIYYPTGTSLTFGGIAMSPGYTADASSLAWLGRRLASHGFVVLVINTNSRFDYPDS
RASQLSAALNYLRTSSPSAVRARLDANRLAVAGHSMGGGGTLRIAEQNPSLKAAVPLTPWHTDKTFNT
SVPVLIVGAEADTVAPVSQHAIPFYQNLPSTTPKVYVELDNASHFAPNSNNAAISVYTISWMKLWVDN
DTRYRQFLCNVNDPALSDFRTNNRHCQ' | tblastn -query - -db all genomes data
base/genomes.fasta -out all genomes blasts/00062 Cutinase Uncultur
ed bacterium PCL PET.tsv -outfmt 6 -num threads 8

echo "MMNVLTKCKLALGIIAIFFSLPSFAVPCSDCSNGFERGQVPRVDQLESSRGPYSVKTINVSR
LARGFGGGTIHYSTESGGQQGIIAVVPGYVSLEGSIKWWGPRLASWGFTVITIDTNTIYDQPDSRASQ
LSAAIDYVIDKGNDRSSPIYGLVDPNRVGVIGWSMGGGGSLKLATDRKIDAVIPQAPWYLGLSRFSSI
TSPTMIIACQADVVAPVSVHASRFYNQIPGTTPKAYFEIALGSHFCANTGYPSEDILGRNGVAWMKRF
IDKDERYTQFLCGQNFDSSLRVSEYRDNCSYY' | tblastn -query - -db all genomes
_database/genomes.fasta -out all genomes blasts/00095 PET-hydrolase
__Vibrio gazogenes PCL PET.tsv -outfmt 6 -num threads 8
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Generate tree for all genomes blasts
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In [154]:

blast outputs list = os.listdir("all genomes blasts")
create directory("all genomes blasts itol datasets")

tax id dict = {}
for file in blast outputs list:
print(file)
file blast = open("all genomes blasts/"+file)
blast = file blast.readlines()
for line in blast:

gseqid = line.rstrip().split("\t")[0]

sseqid = line.rstrip().split("\t")[1].split(" ")[0O]
pident = float(line.rstrip().split("\t")[2])

length = int(line.rstrip().split("\t")[3])

mismatch = int(line.rstrip().split("\t")[4])
gapopen = int(line.rstrip().split("\t")[5])
gstart = int(line.rstrip().split("\t")[6])
gend = float(line.rstrip().split("\t")[7])
sstart = float(line.rstrip().split("\t")[8])
send = float(line.rstrip().split("\t")[9])
evalue = float(line.rstrip().split("\t")[10])
bitscore = float(line.rstrip().split("\t")[11])
if evalue <= 1le-06 and pident >= 25:

if sseqid not in tax id dict:

tax id dict[sseqid] =1

tax id list = []
for key, value in tax id dict.items():
tax id list.append(key)

ids degraders = df2.index.values
rank dict degraders = {}
rank = "phylum"
for tax id in ids degraders:
lineage = ncbi.get lineage(tax id)
for tax _id lineage in lineage:
sub rank = "sub"+rank
if rank in str(ncbi.get rank([tax id lineage])) and sub rank not in
str(ncbi.get rank([tax id lineage])):
rank dict degraders[tax id lineage] =1

all ids = []
for item in ids degraders:
all ids.append(item)
for item in tax id list:
all ids.append(item)
ids2 = []
for item in all ids:
if is error(ncbi.get lineage, item) == False:
ids2.append(item)
rank dict = {}
for tax id in ids2:
tax_id tmp = tax id
lineage = ncbi.get lineage(tax id)
for tax id lineage in lineage:
sub rank = "sub"+rank
if rank in str(ncbi.get rank([tax id lineage])) and sub rank not in str(
ncbi.get rank([tax id lineage])):
rank dict[tax id lineage] =1
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f = open("all genomes blasts itol datasets/blast colors.txt", "w")
f.write("""TREE COLORS
SEPARATOR COMMA
DATA
")
phyla list = []
for key, value in rank dict.items():
phyla list.append(key)
if key in rank dict degraders:
f.write("\n"+str(key)+", label,#000000,bold,1")
else:
f.write("\n"+str(key)+",label,#000000,normal,1l")
f.write("\nI9, range,#c8df99,Bacteria")
f.write("\nIl, range,#b5c0Odc,Fungi")
f.close()

t all genomes blasts = ncbi.get topology(phyla list, intermediate nodes=True)

t all genomes blasts.write(format=8, outfile="all genomes blasts itol datasets/t
ree all genomes blasts.nw")

file:///home/victor/Dropbox/Others/Victor/Component 1/Literature/Files/Degraders_table/PlasticDegradersTree/Tree_tutorial.h... 63/108



29/10/2020 Tree_tutorial

Bacillus megaterium PHB-depolymerase 0.tsv
Fusarium solani Cutinase 0.tsv
Sphingomonas sp. PVA-hydrolase 0.tsv

Oleispira antarctica PET-hydrolase 0.tsv
Schlegelella sp. PHB-depolymerase 0.tsv
Thermomonospora curvata Triacylglycerol-lipase 0.tsv
Agromyces sp. Nylon-Oligomer-Degrading-Enzyme 0.tsv
Paucimonas lemoignei PHB and PHV depolymerases 4.tsv
Hungatella hathewayi Esterase 0.tsv

Clostridium botulinum Estarase 0.tsv

Streptomyces ascomycinicus PHB Depolymerase 0.tsv
Thermobifida cellulosilytica Cutinase 0.tsv
Sphingopyxis macrogoltabida Polyethylene glycol dehydrogenase 0.tsv
Stenotrophomonas rhizophila PVA-dehydrogenase 0.tsv
Moesziomyces antarcticus Cutinase 0.tsv

Acidovorax delafieldii PBS depolymerase 0.tsv
Streptomyces sp. Hydrolase 0.tsv

Azotobacter vinelandii PHB-depolymerase 0.tsv

Vibrio gazogenes PET-hydrolase 0.tsv

Paracoccus denitrificans 3HB Oligomer Hydrolase 0.tsv
Moesziomyces antarcticus Pseudozyma antarctica esterase 0.tsv
Paracoccus denitrificans 3HV Dehydrogenase 0.tsv
Azospirillum brasilense PHB-depolymerase 0.tsv
Diaphorobacter sp. PHBV-depolymerase 0.tsv
Sphingomonas sp. 0-PVA-hydrolase 0.tsv

Talaromyces funiculosus PHB-depolymerase 0.tsv
uncultured bacterium PET-hydrolase 0.tsv

Pseudomonas sp. Oxidized-PVA-hydrolase 0.tsv
Pseudomonas sp. PVA-dehydrogenase 0.tsv
Thermobifida alba Esterase 0.tsv

Clostridium botulinum Estarase 1.tsv

Talaromyces funiculosus PHB Depolymerase 0.tsv
Pseudomonas chlororaphis Polyurethanase 0.tsv
Pseudomonas aestusnigri Polyester-hydrolase 0.tsv
Bdellovibrio bacteriovorus MCL-PHA Depolymerase 0.tsv
Pseudomonas sp. Polyurethanase 0.tsv
Cupriavidus necator PHB-depolymerase 0.tsv
Alcaligenes faecalis PHB-depolymerase 0.tsv

Ideonella sakaiensis MHETase 0.tsv

Bacillus thuringiensis PHB-depolymerase 0.tsv
Pseudomonas chlororaphis Polyurethanases 0.tsv
Paucimonas lemoignei PHB and PHV depolymerases 0.tsv
Thermobifida fusca Cutinase 0.tsv
Pseudomonas stutzeri PHB-depolymerase 0.tsv
Rhodospirillum rubrum_ PHB-depolymerase 0.tsv
Fusarium_ oxysporum Cutinase 0.tsv

Pelosinus fermentans Lipase 0.tsv
Pseudomonas sp. Alkane hydroxylase 0.tsv

Pseudomonas protegens Lipase 0.tsv

Paucimonas lemoignei PHB and PHV depolymerases 3.tsv
Schlegelella thermodepolymerans PHA depolymerases 0.tsv
Thermobifida halotolerans Serine-hydrolase 0.tsv
uncultured bacterium Carboxylesterase 0.tsv
Pseudomonas aeruginosa Lipase 0.tsv

Paucimonas lemoignei PHB and PHV depolymerases 1.tsv
Pseudomonas chlororaphis PueA, polyurethane esterase A 0.tsv
Acidovorax sp. PHB-depolymerase 0.tsv

Pseudomonas alcaligenes MCL-PHA-Depolymerase 0.tsv
[Polyangium] brachysporum Triacylglycerol-lipase 0.tsv
Ralstonia pickettii PHB-depolymerase 0.tsv
Aspergillus oryzae Cutinase 0.tsv
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Cryptococcus sp. in Fungi Cutinase 0.tsv
Saccharomonospora viridis Cutinase 0.tsv
Paenibacillus amylolyticus PLA-depolymerase 0.tsv
Streptomyces sp. Polyethylene glycol-aldehyde dehydrogenase 0.tsv
Fusarium verticillioides Cutinase 0.tsv

Paucimonas lemoignei PHB and PHV depolymerases 2.tsv
Agromyces sp. Nylon-hydrolase 0.tsv

Pseudomonas chlororaphis Polyurethane-esterase-A 0.tsv
Delftia acidovorans PHB-depolymerase 0.tsv
Pseudomonas fluorescens PHA-depolymerase 0.tsv
Comamonas testosteroni PHB-depolymerase 0.tsv
Ideonella sakaiensis PETase 0.tsv

Delftia acidovorans PU esterase 0.tsv

uncultured bacterium PLA-depolymerase 0.tsv
Paenibacillus sp. Alkane-monooxygenase 0.tsv
Caldimonas _manganoxidans PHB-depolymerase 0.tsv
[Polyangium] brachysporum PET-hydrolase 0.tsv
Burkholderia cepacia Lipase 0.tsv

Pseudomonas _mendocina_ PHB-depolymerase 0.tsv
Thermobifida alba Esterase 1.tsv
Diaphorobacter sp. PHB-depolymerase 0.tsv
Pseudomonas protegens Lipase 1.tsv

uncultured bacterium Cutinase 0.tsv
Pseudomonas oleovorans Polyesterase 0.tsv
Marinobacter sp. PHB-depolymerase 0.tsv

Streptomyces thermoviolaceus Chitinase 0.tsv
Thermobifida alba Cutinase 0.tsv
Aspergillus fumigatus Esterase 0.tsv

Fusarium verticillioides Cutinase 1.tsv

Creating itol datasets for all genes
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In [163]:

gene colors = sns.color palette("hls", (len(blast outputs list))).as hex()
color number = 0
rank = "phylum"
for file in blast outputs list:
file blast = open("all genomes blasts/"+file)
blast = file blast.readlines()
file itol = open("all genomes blasts itol datasets/"+file.replace("tsv", "tx
t"), "w")
counting dict = {}
for line in blast:

gseqid = line.rstrip().split("\t")[0]

sseqid = line.rstrip().split("\t")[1].split(" ")[0O]
pident = float(line.rstrip().split("\t")[2])

length = int(line.rstrip().split("\t")[3])

mismatch = int(line.rstrip().split("\t")[4])
gapopen = int(line.rstrip().split("\t")[5])
gstart = int(line.rstrip().split("\t")[6])
gend = float(line.rstrip().split("\t")[7])
sstart = float(line.rstrip().split("\t")[8])
send = float(line.rstrip().split("\t")[9])
evalue = float(line.rstrip().split("\t")[10])
bitscore = float(line.rstrip().split("\t")[11])
if is error(ncbi.get lineage, sseqid) == False:
if evalue <= 1le-10 and pident >= 50:

sseqid tmp = sseqid

lineage = ncbi.get lineage(sseqid)

for sseqid lineage in lineage:

sub rank = "sub"+rank
if rank in str(ncbi.get rank([sseqid lineage])) and sub rank
not in str(ncbi.get rank([sseqid lineagel])):
if sseqid lineage not in counting dict:
counting dict[sseqid lineage] = 1
else:
counting dict[sseqid lineage] += 1

file itol.write("""DATASET SIMPLEBAR
SEPARATOR COMMA
DATASET LABEL,"""+file.split(".tsv")[O]+"""
COLOR, """+gene _colors[color number]+"""
FIELD COLORS,"""+gene colors[color number]+"""
FIELD LABELS,"""+file.split(".tsv")[O]+"""
LEGEND TITLE,Blast Hits
LEGEND SHAPES, 1
LEGEND COLORS,"""+gene colors[color number]+"""
LEGEND LABELS,"""+file.split(".tsv")[O]+"""
WIDTH,200
SHOW VALUE, 1
DATA\n""")
for key, value in counting dict.items():
file itol.write(str(key)+","+str(value)+"\n")
file blast.close()
file itol.close()
color _number += 1
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Creating figure with techniques utilized
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In [80]:

evidence dict = {}
count = 0

for index, row in df.iterrows():
evidence line = row|['Evidence']
count += 1
for evidence in str(evidence line).split(";"):
if evidence not in evidence dict:
evidence dict[evidence] =1
else:
evidence dict[evidence] += 1

bars, height, percentages = [], [], []
count2, others =0, 0
for item,value in sorted(evidence dict.items(), key=lambda x: x[1], reverse=True
)
print(item+" = "+str(round(((value/count)*100), 2))+"%")
if count2 < 10:
bars.append(item)
height.append(value)
percentages.append(round(((value/count)*100), 2))
elif count2 < 55:
others += value
else:
bars.append("Others")
height.append(others)
percentages.append(round(((others/count)*100), 2))
count2 += 1

fig, ax = plt.subplots()
fig.set size inches(10, 5)
width = 0.75 # the width of the bars
ind = np.arange(len(percentages)) # the x locations for the groups
ax.barh(ind, percentages, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Techniques"')
plt.xlabel('Percentage of Microorganisms Reported')
for i, v in enumerate(percentages):
ax.text(v + 3, 1 + .25, str(v), color='blue', fontweight='bold"')

# Show graphic
plt.show()

file:///home/victor/Dropbox/Others/Victor/Component 1/Literature/Files/Degraders_table/PlasticDegradersTree/Tree_tutorial.h... 68/108



29/10/2020 Tree_tutorial

Clear zone = 56.36%

Weight loss = 36.91%

SEM = 33.0%

FTIR = 19.87%
Spectrophotometry = 13.05%
C02 = 9.89%

Tensilometer = 9.14%

TOC = 8.31%

GPC = 8.15%

ATR-FTIR
Luminance = 0.
QCM-D = 0.75%

FTIR-ATR = 0.67%
Turbidity = 0.58%

14C = 0.5%

= 0.42%

Iodometric analysis = 0.42%
TEM = 0.33%
WAXS = 0.33%
EFM = 0.33%
XPS = 0.33%
Chromatography =
Luminance = 0.33%
Viscosimeter = 0
IR = 0.25%

OM = 0.25%
MALDI-TOF = 0.25
TLC = 0.17%

UPLC = 0.17%

CHN = 0.17%

OP = 0.17%
Titration of free carboxyl groups = 0.17%
Biochemical oxygen demand = 0.17%

o°

TG = 0.08%
DTG = 0.08%
DTA = 0.08%
CLSM = 0.08%
DRIFT = 0.08%
UTM = 0.08%
WAXD = 0.08%
COD = 0.08%
FCM = 0.08%
DLS = 0.08%
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Cthers

HPFLC

GPC

ToC
Tensilometer

ooz

Technigues

Spectrophotometry
FTIR

SEM

Weight loss

Clear zone 56.36

0 10 20 30 40 50
Percentage of Microorganisms Reported

Creating figure with analitical grade plastic
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In [150]:

analitical grade dict = {}
count = 0

for index, row in df.iterrows():
analitical grade = row['Analitical grade']

count += 1

if pd.isna(df.at[index, 'Analitical grade'l]):
count5 =1

elif analitical grade == "Fill me out" or analitical grade == "Fill me out "
count5 =1

elif analitical grade not in analitical grade dict:
analitical grade dict[analitical grade] = 1
else:
analitical grade dict[analitical grade] += 1

bars, height = []1, []

for item,value in sorted(analitical grade dict.items(), key=lambda x: x[1], reve

rse=True):
print(str(item)+" = "+str(round(((value/count)*100), 2))+"%")
bars.append(item)
height.append(value)

fig, ax = plt.subplots()
fig.set size inches(10, 5)
width = 0.75 # the width of the bars
ind = np.arange(len(height)) # the x locations for the groups
ax.barh(ind, height, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Analitical grade')
plt.xlabel('Number of Microorganisms Reported')
for i, v in enumerate(height):
ax.text(v + 3, 1 + .25, str(v), color='blue', fontweight='bold"')

# Show graphic
plt.show()
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Yes =
No =1

Analitical grade

fes

o 50 100 1540 200 250 300
Number of Microorganisms Reported

Creating figure with manufacturer
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In [145]:

fig dict = {}
count = 0

for index, row in df.iterrows():
fig line = row['Manufacturer"']
count += 1
for fig data in str(fig line).split(";"):
if pd.isna(df.at[index, 'Manufacturer']):
count5 =1
elif fig data not in fig dict:
fig dict[fig data] =1
else:
fig dict[fig data] += 1

bars, height = [], []

for item,value in sorted(fig dict.items(), key=lambda x: x[1], reverse=True):
print(item+" = "+str(round(((value/count)*100), 2))+"%")
bars.append(item)
height.append(value)

fig, ax = plt.subplots()
fig.set size inches(10, 30)
width = 0.75 # the width of the bars
ind = np.arange(len(height)) # the x locations for the groups
ax.barh(ind, height, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Manufacturer"')
plt.xlabel('Number of Microorganisms Reported')
for i, v in enumerate(height):
ax.text(v + 3, 1 + .25, str(v), color='blue', fontweight='bold")

# Show graphic
plt.show()
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Sigma Aldrich = 13.38%

Showa Denko = 6.57%

Mitsubishi Gas Chemical = 3.49%

Bayer = 3.41%

ICI, UK = 2.74%

Shimadzu = 2.66%

Daicel Chemical Industries = 2.58%

Panara = 2.33%

Polymer Institute, SAS = 2.0%

Union Carbide = 1.91%

Nippon Shokubai = 1.66%

Local market = 1.41%

BASF = 1.41%

Wako Pure Chemical = 1.41%

RB Industries = 1.16%

POLICHEM = 1.0%

Monsanto = 1.0%

NatureWorks LLC = 1.0%

Polymer and Petrochemical Institute (IPPI) = 0.91%
Biopolis = 0.91%
Toagosei = 0.75%
LACEA = 0.75%
Polysciences = 0.75%
Archer-Daniels-Midland =
Alfa-Asar Company = 0.58%
Zeneca Bioproducts = 0.5
TRESNO = 0.58%

Gwalior Plastic Industry = 0.5%

SKI = 0.5%

Bulk Reef Supply = 0.5%

Covestro = 0.5%

Pemex = 0.42%

Goodfellow Cambridge = 0.42%

Apexa = 0.42%

Indian Institute of petroleum (IIP), CSIR = 0.33%

Miles = 0.33%

SRF = 0.33%

Reliance Industries = 0.33%

Biological Sciences and Earth Science laboratories = 0.33%

CIBA = 0.33%

Tokuyama = 0.25%

Kaneka Biodegrable = 0.25%

Iran’s National Petrochemical Commercial Company (INPCC) = 0.25%
BIOMAR = 0.25%

Fluka = 0.25%

Chang Chun Petrochemical = 0.25%

Akerlund & Rausing AB = 0.25

Cellomer Associates = 0.2
Kuraray = 0.25%

Carmel Olefins = 0.25%
Merck = 0.17%

Kumud Enterprise = 0.17%
Novamont = 0.17%

Iranian petrochemical company = 0.17%
Asia Fiber Public Company = 0.17%
Petrochimi = 0.17%

Nacalai Tesque = 0.17%

SINOPEC Beijing Yanshan Company = 0.17%
IRE Chemical = 0.17%

EPI = 0.17%

Sinopharm Chemical Reagent = 0.17%
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TianAn Biologic Material = 0.17%
Himedia Lab = 0.17%

Imperial Chemical Industries = 0.17%
Asahi Chemical Industry = 0.17%
Basell Polyolefins = 0.17%

Biomer = 0.17%

Fundacdao Arthur Bernandes = 0.17%

SM supermarket = 0.17%

Manufacturing factories = 0.17%

Wako Pure Chemical Industries = 0.17%
Dainippon Ink and Chemicals = 0.17%
Rolex Chemical Industries = 0.17%

Toyobo = 0.08%

Wire & Cable = 0.08%

Benison = 0.08%

China Petrochemical Corporation = 0.08%
Carry and Packers Plastics = 0.08%
B.N.Polymers = 0.08%

Versalis S.p.A
Celgreen HBO2B
Ipitenlll = 0.08%

Colora = 0.08%

Excelcier = 0.08%

Department of Materials Engineering - Federal University of Sao Carl
0s = 0.08%

Willow Ridge Plastics = 0.08%

Solvay International Chemical Group = 0.08%

Sartorius = 0.08%

Polyscence = 0.08%

Shandong Ecomann Technology = 0.08%

Institute of Microbiology of the Chinese Academy of Science = 0.08%
Cargill Dow = 0.08%

Zhejiang Hisun Biomaterial = 0.08%

ATO = 0.08%

B. F. Goodrich
Green Chemical
Sartrius = 0.08
Sinopec Maoming petrochemical company = 0.08%
Procter & Gamble = 0.08%

Nemak corporation = 0.08%

o° o°

0.08
0.08

o°
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Nemak corporation
Procter & Gamble
Sinopec Maoming petrochemical company
Sartrius
Green Chemical
B. F. Goodrich
ATO
Zhejiang Hisun Biomaterial
Cargill Dow
Institute of Microbiology of the Chinese Academy of Science
Shandong Ecomann Technology
Polyscence
Sartorius
Solvay International Chemical Group
Willow Ridge Plastics
Department of Materials Engineering - Federal University of Sao Carlos
Excelcier
Colora
Ipiten1ll
Celgreen HBO2B
Versalis 5.p.A
B.N.Polymers
Carry and Packers Plastics
China Petrochemical Corporation
Eenison
Wire & Cable
Toyobo
Rolex Chemical Industries
Dainippon Ink and Chemicals
Wako Pure Chemical Industries
Manufacturing factories
SM supermarket
Fundacao Arthur Bernandes
Biomer
Basell Polyolefins
Asahi Chemical Industry
Imperial Chemical Industries
Himedia Lab
TianAn Biologic Material
Sinopharm Chemical Reagent
EFI
IRE Chemical
SINOPEC Beijing Yanshan Company
Nacalai Tesque
Petrochimi
Asia Fiber Public Company
Iranian petrochemical company
Novamont
Kumud Enterprise
Merck
Carmel Olefins
Kuraray
Cellomer Associates
Akerlund & Rausing AB
Chang Chun Petrochemical
Fluka
BIOMAR
Iran’s National Petrochemical Commercial Company (INPCC)
Kaneka Biodegrable
Tokuyama
CIBA
Biological Sciences and Earth Science laboratories
Reliance Industries
SRF
Miles
Indian Institute of petroleum (1IP}, CSIR
Apexa
Goodfellow Cambridge
Pemex
Covestro
Bulk Reef Supply
Kl
Gwalior Plastic Industry
TRESNO
Zeneca Bioproducts
Alfa-Asar Company
Archer-Daniels-Midland
Polysciences
LACEA
Toagosei 9
Biopolis 1
Polymer and Petrochemical Institute {IPPI) n
NatureWorks LLC 12
Monsanto 12
POLICHEM 12
RE Industries 14
Wako Pure Chemical 17
BASF 17
Local market 1y
Nippon Shokubai 20
Union Carbide 23
Polymer Institute, SAS 24
Panara 28
Daicel Chemical Industries 31
Shimadzu 32
IC1, UK 33
Bayer a1
Mitsubishi Gas Chemical 42
Showa Denko 79
Sigma Aldrich
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Manufacturer
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Creating figure with thermophilic data
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In [142]:

fig dict = {}
count = 0

for index, row in df.iterrows():
fig data = row['Thermophilic conditions']
count += 1
if pd.isna(df.at[index, 'Thermophilic conditions']):

count =1
elif fig data '= "Yes" and fig data != "No":
count5 =1

elif fig data not in fig dict:
fig dict[fig data] =1
else:
fig dict[fig data] += 1

bars, height = [], []

for item,value in sorted(fig dict.items(), key=lambda x: x[1], reverse=True):
print(str(item)+" = "+str(round(((value/count)*100), 2))+"%")
bars.append(item)
height.append(value)

fig, ax = plt.subplots()
fig.set size inches(10, 5)
width = 0.75 # the width of the bars
ind = np.arange(len(height)) # the x locations for the groups
ax.barh(ind, height, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Thermophilic conditions')
plt.xlabel('Number of Microorganisms Reported')
for i, v in enumerate(height):
ax.text(v + 3, 1 + .25, str(v), color='blue', fontweight='bold")

# Show graphic
plt.show()

No = 86.87%
Yes = 10.39%

fes

Thermophilic conditions

o 200 400 600 800 1000
MNumber of Microorganisms Reported
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Creating figure with isolation environment
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In [8]:

fig dict = {}
count = 0

for index, row in df.iterrows():

fig data = row['Isolation environment']

count += 1

if pd.isna(df.at[index, 'Isolation environment']):
count5 =1

elif fig data not in fig dict:
fig dict[fig data] = 1

else:
fig dict[fig data] += 1

bars, height, percentages = [], [], []

for item,value in sorted(fig dict.items(), key=lambda x: x[1], reverse=True):
print(str(item)+" = "+str(round(((value/count)*100), 2))+"%")
bars.append(item)
height.append(value)
percentages.append(round(((value/count)*100), 1))

fig, ax = plt.subplots()
fig.set size inches(26, 7)
width = 0.75 # the width of the bars
ind = np.arange(len(height)) # the x locations for the groups
ax.barh(ind, percentages, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Isolation environment')
plt.xlabel('Percentage of Microorganisms Reported')
ax.set xlim([0,60])
ax.spines['right'].set visible(False)
ax.spines['top'].set visible(False)
ax.spines['bottom'].set visible(False)
ax.spines['left'].set visible(False)
ax.axes.get xaxis().set ticks([])
plt.rc('font', size=15)
plt.rc('axes', labelsize=20)
for label in ax.get yticklabels():
label.set fontsize(14)

for i, v in enumerate(percentages):
ax.text(v + 0.3, i + .25, str(v)+"%", color='blue', fontweight='bold")

# Show graphic

plt.savefig("environments.png", dpi=600, format='png')
plt.show()
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Soil = 27.76%

Culture collection = 15.88%
Plastic waste dumping site = 9.56%
Compost = 5.32%
Marine = 4.41%
Landfill = 2.99%
Sewage/Sludge = 2
River/Lake = 2.24%
Plant associated = 1.91%
Mangrove = 1.75%

Others = 0.91%

Animal associated = 0.5%
Hot spring = 0.5%

Hot spring J] 0.5%
Animal associated ] 0.5%
others il 0-9%
mangrove JIIll 1.7%
plant associated JII 1-9%
river/Lake I 2-2%
sewage/siudge [N 2-8%
Landfill [ 3-0%
warine N 4-4%
compost | 53
Plastic waste dumping site | ISR © 6°-
cuiture collection |G 15.9%
soit N, 27-8%

Isolation environment

Percentage of Microorganisms Reported

Creating figure with isolation location
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In [139]:

fig dict = {}
count = 0

for index, row in df.iterrows():

fig data = row['Isolation location']

count += 1

if pd.isna(df.at[index, 'Isolation location']):
count5 =1

elif fig data not in fig dict:
fig dict[fig data] = 1

else:
fig dict[fig data] += 1

bars, height = [], []

for item,value in sorted(fig dict.items(), key=lambda x: x[1], reverse=True):
print(str(item)+" = "+str(round(((value/count)*100), 2))+"%")
bars.append(item)
height.append(value)

fig, ax = plt.subplots()
fig.set size inches(15, 10)
width = 0.75 # the width of the bars
ind = np.arange(len(height)) # the x locations for the groups
ax.barh(ind, height, width, color="blue", align='edge')
ax.set yticks(ind+width/2)
ax.set yticklabels(bars, minor=False)
plt.ylabel('Isolation location')
plt.xlabel('Number of Microorganisms Reported')
for i, v in enumerate(height):
ax.text(v + 3, 1 + .25, str(v), color='blue', fontweight='bold")

# Show graphic
plt.show()

country names = bars
country values = height
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Japan = 14.13%
India = 13.8%
Slovakia = 4.32%
Spain = 3.16%
Thailand = 2.99%

South Korea = 2.58%
Iran = 2.33%
Germany = 1.5%
Vietnam = 1.41%
Taiwan = 1.41%
Svalbard = 1.41%
Belgium = 1.25%

UK = 1.16%

China = 1.16%
Poland = 1.08%
Pakistan = 1.08%
USA = 1.0%
Turkey = 0.83%
Malaysia = 0.83%
Mexico = 0.58%
Switzerland = 0.5%
Brazil = 0.5%
Philippines = 0.42%
Jordan = 0.33%
France = 0.33%
Ecuador = 0.25%
Indonesia = 0.25%
Kenya = 0.25%
Egypt = 0.25%
North Sea = 0.17%
Russia = 0.17%
Italy = 0.17%

o
'—l
~
o®

Pacific Ocean =

Antarctic Ocean = 0.17%
Nigeria = 0.17%

Irag = 0.08%

Bay of Bengal = 0.08%
Morocco = 0.08%
Israel = 0.08%

Sweden = 0.08%
Ukraine = 0.08%
Bulgaria = 0.08%
Thaiti = 0.08%

Saudi Arabia = 0.08%

Ireland = 0.08%
Czech Republic = 0.08%
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Creating figure with global distribution
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In [118]:
import folium
country values2 = []

for item in country values:
country values2.append(float(item))

countries geo = "world-countries.json"

countries degraders = pd.DataFrame(country values2[1:],country names[1l:], column

s = ["Degraders"])

countries degraders['Names'] = countries degraders.index
countries degraders["Lat"] = ""

countries degraders["Lon"] = ""

coordinates = pd.read csv("world-countries-coord.tsv", sep="'\t')

for index, row in countries degraders.iterrows():
country = row["Names"]
for index2, row2 in coordinates.iterrows():
country2 = row2["Names"]
lat = row2["Latitude"]
lon = row2["Longitude"]
if country == country2:
countries degraders.at[country,“Lat"]
countries degraders.at[country,“Lon"]
countries degraders

lat
lon

# Make an empty map
m = folium.Map(location=[20,0], tiles="OpenStreetMap", zoom start=2)

# I can add marker one by one on the map

for i in range(0,len(countries degraders)):
print(countries degraders.iloc[i]['Names'])
folium.Circle(

location=[countries degraders.iloc[i]['Lat'], countries degraders.iloc[i][

"Lon'1],
popup=countries degraders.iloc[i]['Names'],
radius=countries degraders.iloc[i]['Degraders']*6000,
color='crimson',
fill=True,
fill color="crimson'
) .add_to(m)

# # Save it as html

# m.save('mymap.html")
m
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Out[118]:

Exporting DB to website

In [44]:

df.to csv(r'degraders list v2.tsv', index=False, sep='\t')

Creating Venn Diagram
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In [132]:

from venn import venn
smatplotlib inline

techniques = {"Clear zone": {""}, "Weight loss": {""}, "SEM": {""}, "Others": {
n II}}
for index, row in df.iterrows():

evidence line = row|['Evidence']

for evidence in str(evidence line).split(";"):

if evidence == "Clear zone":
techniques["Clear zone"].add(index)

elif evidence == "Weight loss":
techniques["Weight loss"].add(index)

elif evidence == "SEM":
techniques["SEM"].add(index)

elif evidence == "nan":
count =1

else:

techniques["Others"].add(index)
venn(techniques, fmt="{percentage:.1f}%", figsize=(10, 10))
Out[132]:
<matplotlib.axes. subplots.AxesSubplot at 0x2aacl3cae2e8>

[ Clear zone

[ Weight loss

[ SEM
Others

13.7%
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—____ _ _a*" _ __ _If
In [10]:
df2.to csv(r'df2.tsv', index=False, sep='\t')

Generating nhumber of fungi and bacteria that
degrades a specific plastic type

In [130]:

plastic type = "PS"
for index, row in df.iterrows():
evidence line = str(row['Evidence'])
bacteria = 0
fungi = 0
for index, row in df2.iterrows():
if row[plastic type] ==
lineage = ncbi.get lineage(int(index))
if 2759 in lineage:
fungi += 1
else:
bacteria += 1
print(bacteria, fungi)

14 1

Generating number of degrades from a specific
group

In [23]:

plastic type = "PS"
group = 0
for index, row in df2.iterrows():
if row[plastic type] == 1:
lineage = ncbi.get lineage(int(index))
if 1385 in lineage:
group += 1
print(group)

7

Generating humber of degrades with available
genomes from a specific group
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In [24]:

tax _to test = 201174
directories list = os.listdir("genomes")
available genomes = 0
number of degraders = 0
for index, row in df2.iterrows():
lineage = ncbi.get lineage(int(index))
if tax _to test in lineage:
number of degraders += 1
if str(index) in directories list:
available genomes += 1

print(number of degraders)
print(available genomes)

88
50

Generating number of hits for a specific protein for a
specific taxon

In [34]:

tax _to test = 201174
file to test = "itol datasets genomes/Ideonella sakaiensis PETase 0.txt"
number of degraders = 0
number of hits = 0
f file = open(file to test)
f = f file.readlines()[7:]
for line in f:
tax id = line.split("\t")[0]
hits = int(line.split("\t")[1])
if hits > 0:
lineage = ncbi.get lineage(int(tax id))
if tax to test in lineage:
number of degraders += 1
number of hits += hits
print(number of degraders, number of hits)

25 78

Generating percentages all species tree
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In [9]:

Tree_tutorial

f file = open("all species tax ids subsampled.txt")

f = f file.readlines()

ids = []

for item in f:
ids.append(item)

x = get rank count percentage("phylum", ids)

sorted x = sorted(x.items(), key=operator.itemgetter(1l))

for key, value in sorted x:
print(ncbi.get taxid translator([key])[key]+"\t"+ncbi.get rank([key])[key]+"

\t"+str(value))

Fibrobacteres phylum
Kiritimatiellaeota

Armatimonadetes phylum
Balneolaeota phylum
Elusimicrobia phylum
Lentisphaerae phylum

Aquificae phylum
Gemmatimonadetes

Ignavibacteriae phylum
Fusobacteria phylum
Chlorobi phylum
Nitrospirae phylum

Zoopagomycota phylum
Synergistetes phylum
Chlamydiae phylum
Thermotogae phylum
Deinococcus-Thermus

Verrucomicrobia phylum
Planctomycetes phylum
Acidobacteria phylum
Chytridiomycota phylum
Tenericutes phylum
Chloroflexi phylum
Microsporidia phylum
Spirochaetes phylum
Mucoromycota phylum
Cyanobacteria phylum
Bacteroidetes  phylum
Basidiomycota phylum

Firmicutes phylum
Actinobacteria phylum
Ascomycota phylum

Proteobacteria phylum

0.013455328310010763
phylum 0.013455328310010763
0.013455328310010763
0.013455328310010763
0.026910656620021525
0.026910656620021525
0.026910656620021525

phylum 0.026910656620021525
.040365984930032295
.040365984930032295
.040365984930032295
.05382131324004305
.06727664155005382
.06727664155005382
.08073196986006459
.09418729817007535

hylum 0.13455328310010764
.1480086114101184
.16146393972012918
.1883745963401507
.1883745963401507
.228740581270183
.28256189451022606
.3632938643702906
.48439181916038754
.8745963401506996
.1932185145317544
.8751345532831003
.140473627556512
13.818622174381053
14.28955866523143
16.8729817007535
37.10979547900969

ODOWNOOOODOOOOOT OOOLOOOO O

Generating number of phyla that had blast hits in all
genomes analysis

file:///home/victor/Dropbox/Others/Victor/Component 1/Literature/Files/Degraders_table/PlasticDegradersTree/Tree_tutorial.h...

91/108



29/10/2020

In [10]:
blast outputs li

tax id dict, pro

Tree_tutorial

st = os.listdir("all genomes blasts")

tein id dict = {}, {}

for file in blast outputs list:

file blast =

open("all genomes blasts/"+file)

blast = file blast.readlines()

for line in
gseqid
sseqid
protein
pident
length
mismatch

blast:
line.rstrip().split("\t")[0]
line.rstrip().split("\t")[1].split(" ")[0]

id = line.rstrip().split("\t")[1].split(" ")[1]
float(line.rstrip().split("\t")[2])
int(line.rstrip().split("\t")[3])
= int(line.rstrip().split("\t")[4])

gapopen = int(line.rstrip().split("\t")[5])

gstart =

int(line.rstrip().split("\t")[6])

gend = float(line.rstrip().split("\t")[7])

sstart =

float(line.rstrip().split("\t")[8])

send = float(line.rstrip().split("\t")[9])

evalue =
bitscore

float(line.rstrip().split("\t")[10])
= float(line.rstrip().split("\t")[11])

if evalue <= le-10 and pident >= 50:

if s

if p

tax id list = []

seqid not in tax id dict:

tax id dict[sseqid] =1

rotein id not in protein id dict:
protein id dict[protein id] =1

for key, value in tax id dict.items():
tax id list.append(key)

protein id list = []
for key, value in protein id dict.items():
protein id list.append(key)

# Get number of strains and proteins
print(len(tax id list))
print(len(protein id list))

#Get phyla from tax ids

ids = []

for item in tax id list:
if is error(ncbi.get lineage, item) == False:
ids.append(item)

x = get _rank count percentage("phylum", ids)
sorted x = sorted(x.items(), key=operator.itemgetter(1l))

for key, value in sorted x:
print(ncbi.get taxid translator([key])[key]+"\t"+ncbi.get rank([key])[key]+"

\t"+str(value))
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6000
16170

Tree_tutorial

Candidatus Melainabacteria phylum 0.018914318138831095

Cyanobacteria phylum
Bacteroidetes phylum
Verrucomicrobia phylum
Candidatus Tectomicrobia
Acidobacteria phylum
Chloroflexi phylum
Basidiomycota phylum
Deinococcus-Thermus
Spirochaetes phylum
Ascomycota phylum
Firmicutes phylum
Actinobacteria phylum
Proteobacteria phylum

0.018914318138831095
0.018914318138831095
0.018914318138831095

phylum 0.018914318138831095
0.03782863627766219
0.18914318138831096
0.20805749952714203
phylum 0.22697181766597316
0.2837147720824664
2.1373179496879136
10.516360885190089
28.86324947985625
57.44278418763004

Generating itol datasets with techniques
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In [15]:

# Creates an empty df with tax ids in the index and techniques in the columns
evidence list = []
for index, row in df.iterrows():
evidence line = str(row['Evidence'])
for item in evidence line.split(";"):
if item not in evidence list:
evidence list.append(item)

tax ids = df['Tax ID'].unique()

df evidence = pd.DataFrame(0, index=tax ids, columns=evidence list)
df evidence.sort index(inplace=True)

df evidence.sort index(axis=1, inplace=True)

# Fills the df with techniques data
for index, row in df.iterrows():
evidence line = str(row['Evidence'])
tax _id = row['Tax ID']
for item in evidence line.split(";")
df evidence.at[tax id, item] =1

df evidence

# Creating itol datasets
r = lambda: random.randint(0,255) #Creates random hexadecimal color codes
create directory("itol datasets techniques")

for column in df evidence.columns:
f = open("itol datasets techniques/"+column.rstrip()+".txt", "w")
f.write("""DATASET BINARY
SEPARATOR COMMA
DATASET LABEL,"""+column+"""
COLOR, """+ "'#%02X%02X%02X"' % (r(),r(),r())+"""
FIELD SHAPES,1
FIELD LABELS,f1l
DATA""™")
for index, row in df evidence.iterrows():
tax_id = str(index)
feature binary = str(row[column])
f.write("\n"+tax id+","+feature binary)
f.close()

Generating new image for number of degraders and
genes
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In [14]:

ref dict, publication count dict = {}, {}
year list = []

for index, row in df.iterrows():
reference = row['Ref']
year = row[ 'Year']
ref dict[reference] = year

for key, value in ref dict.items():
year list.append(value)
if value not in publication count dict:
publication count dict[value] =1
else:
publication count dict[value] += 1

x, y =11, [l

year min
year_max

int(min(year_ list)
int(max(year list)

)
)

for n in range(year min, year max+1l):

if n in publication count dict:
count = publication count dict[n]
x.append(n)
y.append(count)

else:
x.append(n)
y.append(0)

figure(num=None, figsize=(9, 3), dpi=300, facecolor='w

plt.clf()

ids year dict = {}
year count dict =
x, y =[], [l

{}

for index, row in df.iterrows():
ids = row['GenbankID']
year = row[ 'Year']
if ids not in ids year dict:
ids year dict[ids] = year
else:
if year < ids year dict[ids]:
ids year dict[ids] = year

for key, value in ids year dict.items():
if value not in year count dict:
year count dict[value] =1
else:
year count dict[value] += 1

# for year, value in year count dict.items():
# f"{year}\t{value}"

# print(year, value)

year sum = 0

, edgecolor='k")
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for n in range(1974, 2021):
if n in year count dict:
year sum += year count dict[n]
X.append(n)
y.append(year sum)

axl=plt.gca()

axl.plot(x, y, color="'red', label = "Known Degradation Genes")
axl.set xticks(range(min(x), max(x)+1, 3))

axl.set xlabel("Date", fontsize=12)

ax1l.legend(loc=0, bbox to anchor=(0.34, 0.85,), frameon=False)
axl.spines['top'].set visible(False)

ids year dict = {}
year count dict =
X, y =11, [l

{}

for index, row in df.iterrows():
ids = row['Tax ID']
year = row[ 'Year']
if ids not in ids year dict:
ids year dict[ids] = year
else:
if year < ids year dict[ids]:
ids year dict[ids] = year

for key, value in ids year dict.items():
if value not in year count dict:
year count dict[value] =1
else:
year count dict[value] += 1

# for year, value in year count dict.items():
# f"{year}\t{value}"
# print(year, value)
year sum = 0
for n in range(1974, 2021):
if n in year count dict:
year sum += year count dict[n]
X.append(n)
y.append(year sum)

ax2=axl.twinx()

ax2.plot(x, y, color='green', label = "Known Plastic Degraders")
ax2.set xticks(range(min(x), max(x)+1, 3))

ax2.set ylabel("Number of Known Plastic Degraders", fontsize=10)
ax2.set xlabel("Date", fontsize=12)

ax2.legend(loc=0, bbox to anchor=(0.34, 0.85,), frameon=False)
ax2.spines['top'].set visible(False)

H K HHHH

axl.plot(x, y, color="'green', label = "Known Plastic Degraders")
axl.set xticks(range(min(x), max(x)+1, 3))

axl.set xlabel("Date", fontsize=12)

axl.legend(loc=0, frameon=False)

axl.spines['top'].set visible(False)
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plt.margins(x=0)

Tree_tutorial

plt.show()
4004 — Known Degradation Genes
—— Known Plastic Degraders
300 -
200 A
100 A
0

1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016 2019

Generating number of degraders for each plastic
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In [25]:

df2.sum(axis = 0).sort values(ascending=False)
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Out[25]:

PHB 126
PCL 107
PLA 94
PE 79
PU 62
LDPE 59
PBSA 35
PBS 34
HDPE 29
PHBV 28
PHA 27
PET 23
PES 19
PS 15
PP 14
PHBH 13
Nylon 13
PVA 12
PVC 11
P3HO 10
PBAT 10
PHC 9
PEG 8
PC 8
P3HP 7
LDPE Blend 6
Sky-Green 6
PEA 5
PVC Blend 4
PTS 4
PSS

Mater-Bi

PS Blend

PPL

0-PVA

LLDPE Blend

PHV

PHPV

P(3HB-co-3HP)
P(3HB-co-4HB)
0-PE
P3HV-0ligomers
Treated-HDPE
PBS Blend
PHB-0ligomers
PU Blend

PTC

PMCL

PLA Blend

PHN
PHBV-0ligomers
PHA Blend
PBS-Blend

PEC

PE Blend

PCL Blend
PBSTIL

PBST55
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PBSA-Blend 1
BTA copolyester 1
Length: 65, dtype: int64

Generating figure with number of degraders per
plastic
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In [48]:

df3 = pd.DataFrame(df2.sum(axis 0).sort values(ascending=False))

natural polymers dict = {'PHB': 1, 'PCL': O, 'PLA': O, 'PE': O, 'PU': O, 'LDPE':

0, 'PBSA': 0, 'PBS': 0, 'HDPE': O, 'PHA': 1, 'PHBV': 1, 'PET': 0O,

‘PS': 0, 'PP': O, 'PES': 0, 'Nylon': O, 'PHBH': 1, 'PVA': 0, 'PVC': O, 'P3HO':

1, 'PHC': O, 'PBAT': 0, 'PC': 0, 'PEG': O,

'PESu': 0, 'P3HP': 1, 'LDPE Blend': 0, 'Sky-Green': 0, 'PEA': 0, 'PVC Blend':

, 'PTS': 0, 'P4HB': 1,

'"PEF': 0, 'PHO': 1, 'O-PVA': 0, 'P(3HB-co-3MP)': 1, 'PS Blend': 0, 'PHPV': 1,
1,

'LLDPE Blend': 0, 'PVA Blend': O, 'P(3HB-co-3HP)': 1, 'Mater-Bi': 0, 'PHV':
‘PSS': 0,
'PPL': 0, 'P(3HB-co-4HB)': 1, 'O-PE': 0, 'P3HV-Oligomers': 1,

'Treated-HDPE': 0, 'PBS Blend': 0, 'PHB-Oligomers': 1, 'PU Blend': 0, 'PTC':

‘PMCL': O,
'"PLA Blend': O, 'PHN': 1, 'PHBV-Oligomers': 1, 'PHA Blend': 1, 'PBS-Blend':
‘PEC': O,

0

0,

0,

'PE Blend': 0, 'PCL Blend': 0, 'PBSTIL': 0, 'PBST55': 0, 'PBSA-Blend': 0, 'BTA

copolyester': O, 'P3HB-co-3MP': 1}

for index, row in df3.iterrows():
if index in natural polymers dict:
df3.at[index, "Natural polymer"] = natural polymers dict[index]

df3 = df3.reset index()

df3 = df3.rename(columns={0: 'Number of degraders', "index": "Plastic"})
df3.tail(50).head(30)

figure(num=None, figsize=(6, 15), dpi=300, facecolor='w', edgecolor='k")
plt.clf()

ax = plt.gca()

colors = {0: 'b', 1: 'g'}

df3.plot(kind="'barh', x='Plastic', y='Number of degraders', ax=ax, color=[colors

[i] for i in df3['Natural polymer']l])
ax.set ylabel("Plastic", fontsize=12)
ax.set xlabel("Number of Degraders", fontsize=12)
for index, row in df3.iterrows():
1 = index
% row[ "Number of degraders"]
ax.text(v + 0.1, i - .25, str(v), color='black')

from matplotlib.lines import Line2D
custom lines = [Line2D([0], [0], color="blue", lw=4),
Line2D([0], [0], color="green", lw=4),]

ax.legend(custom lines, ['Synthetic polymer', 'Natural polymer'])
plt.show()
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BTA copolyester
PBSA-Blend
PBST55
PBSTIL

PCL Blend

PE Blend

PEC

PBS-Blend
PHA Blend
PHBV-Oligomers
PHN

PLA Blend
PMCL

PTC

PU Blend
PHB-Oligomers
PBS Blend
Treated-HDPE
P3HV-Oligomers
O-PE
P(3HB-co-4HB)
P(3HB-co-3HP)
PHPV

PHV

LLDPE Blend
O-PVA

PPL

PS Blend
Mater-Bi

PSS

PVA Blend
P(3HB-co-3MP)
PEF

P4AHB

PHO

PTS

PVC Blend
PEA
Sky-Green
LDPE Blend
P3HP

PC

PEG

PHC

PBAT

P3HO

PVC

PVA

Nylon

PHBH

PP

PS

PES

PET

PHA

PHBV

HDPE

PBS

PBSA

LDPE

PU

PE

PLA

PCL

PHB

Plastic
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Generating figure with number of orthologues per
plastic
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In [61]:

blast outputs list = os.listdir("all genomes blasts")
plastics dict = {}
ncbi id dict = {}

for file in blast outputs list:
file blast = open("all genomes blasts/"+file)
blast = file blast.readlines()
plastics list = file.split(" ")[3].split(".")[0].split(" ")
count = 0

for line in blast:
gseqid line.rstrip().split("\t")[0]
sseqid = line.rstrip().split("\t")[1].split(" ")[0O]
ncbi id = line.rstrip().split("\t")[1].split(" ")[1]

pident = float(line.rstrip().split("\t")[2])
length = int(line.rstrip().split("\t")[3])
mismatch = int(line.rstrip().split("\t")[4])

gapopen = int(line.rstrip().split("\t")[5])
gstart = int(line.rstrip().split("\t")[6])
gend = float(line.rstrip().split("\t")[7])
sstart = float(line.rstrip().split("\t")[8])
send = float(line.rstrip().split("\t")[9])
evalue = float(line.rstrip().split("\t")[10])
bitscore = float(line.rstrip().split("\t")[11])
if evalue <= le-10 and pident >= 50:

count += 1

if ncbi id not in ncbi id dict:

ncbi id dict[ncbi id] = 0

for plastic in plastics list:
if plastic not in plastics dict:
plastics dict[plastic] = count
else:
plastics dict[plastic] += count

plastic list, count list = [], []
for i, v in plastics dict.items():
plastic list.append(1i)
count list.append(v)

data = list(zip(plastic list, count list))
df4 = pd.DataFrame(data, columns=['Plastic', 'Number of orthologues'])
df4.sort values(by=['Number of orthologues'], inplace=True, ascending=False)

print("The total number of orthologues is: "+str(len(ncbi id dict)))

for index, row in df4.iterrows():
if row["Plastic"] in natural polymers dict:
df4.at[index, "Natural polymer"] = natural polymers dict[row["Plastic"]]

df4.reset _index(inplace=True)
del df4['index']
df4

figure(num=None, figsize=(6, 7), dpi=300, facecolor='w', edgecolor='k")
plt.clf()

ax = plt.gca()

colors = {0: 'b', 1: 'g'}
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df4.plot(kind='barh', x='Plastic', y='Number of orthologues', ax=ax, color=[colo
rs[i] for i in df4['Natural polymer']])
ax.set ylabel("Plastic", fontsize=12)
ax.set xlabel("Number of Orthologues", fontsize=12)
for index, row in df4.iterrows():
1 = index
v = row["Number of orthologues"]
ax.text(v + 0.1, 1 - .25, str(v), color='black')

from matplotlib.lines import Line2D
custom lines = [Line2D([0], [0], color="blue", lw=4),
Line2D([0], [0], color="green", lw=4),]

ax.legend(custom lines, ['Synthetic polymer', 'Natural polymer'])
plt.show()

The total number of orthologues is: 16170

PBSA-Blend 15

Generating figure with number of genes per
plastic
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In [22]:

enzyme id dict = {}
plastic dict = {}
for index, row in df.iterrows():
enzyme id = row["Enzyme ID"]
if pd.notna(enzyme id) == True:
if enzyme id not in enzyme id dict:
enzyme id dict[enzyme id] = 0
plastic list = row["Database Enzyne Name"].split("|")[3].split(" ")
for item in plastic list:
if item not in plastic dict and item != '':
plastic dict[item] =1
elif item in plastic dict and item != '':
plastic dict[item] += 1

for k, v in plastic dict.items():
print(k, v)

# df3 = pd.DataFrame(df2.sum(axis = 0).sort values(ascending=False))

# natural polymers dict = {'PHB': 1, 'PCL': O, 'PLA': O, 'PE': 0, 'PU': O, 'LDP
E': 0, 'PBSA': 0, 'PBS': O, 'HDPE': 0, 'PHA': 1, 'PHBV': 1, 'PET': 0,
# 'PS': 0, 'PP': O, 'PES': 0, 'Nylon': O, 'PHBH': 1, 'PVA': 0, 'PVC': 0, 'P3H
0': 1, 'PHC': O, 'PBAT': 0, 'PC': 0, 'PEG': 0,
# 'PESu': O, 'P3HP': 1, 'LDPE Blend': 0, 'Sky-Green': 0, 'PEA': O, 'PVC Blend':
0, 'PTS': 0, 'P4HB': 1,
# 'PEF': 0, 'PHO': 1, 'O-PVA': 0, 'P(3HB-co-3MP)': 1, 'PS Blend': 0, 'PHPV': 1,
# 'LLDPE Blend': 0, 'PVA Blend': 0, 'P(3HB-co-3HP)': 1, 'Mater-Bi': 0, 'PHV':
1, 'PSS': 0,

'‘PPL': O, 'P(3HB-co-4HB)': 1, 'O-PE': 0, 'P3HV-Oligomers': 1,

‘Treated-HDPE': 0, 'PBS Blend': 0, 'PHB-Oligomers': 1, 'PU Blend': 0, 'PTC':
0, 'PMCL': 0,
# 'PLA Blend': 0, 'PHN': 1, 'PHBV-Oligomers': 1, 'PHA Blend': 1, 'PBS-Blend':
0, 'PEC': 0,

'PE Blend': 0, 'PCL Blend': 0, 'PBSTIL': O, 'PBST55': 0, 'PBSA-Blend': 0, 'BT

copolyester': 0, 'P3HB-co-3MP': 1}

>

# for index, row in df3.iterrows():

# if index in natural polymers dict:

# df3.at[index, "Natural polymer"] = natural polymers dict[index]
# df3 = df3.reset index()

# df3 = df3.rename(columns={0: 'Number of degraders', "index": "Plastic"})
# df3.tail(50).head(30)

# figure(num=None, figsize=(6, 15), dpi=300, facecolor='w', edgecolor='k")
# plt.clf()

# ax = plt.gca()

# colors = {0: 'b', 1: 'g'}

# df3.plot(kind="'barh', x='Plastic', y='Number of degraders', ax=ax, color=[colo
rs[i] for i in df3['Natural polymer']])

# ax.set ylabel("Plastic", fontsize=12)

# ax.set xlabel("Number of Degraders", fontsize=12)

# for index, row in df3.iterrows():

# 1 = index

# v = row["Number of degraders"]

# ax.text(v + 0.1, i - .25, str(v), color='black')

from matplotlib. lines import Line2D
custom lines = [Line2D([0], [0], color="blue", lw=4),
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# Line2D([0], [0], color="green", lw=4),]

# ax.legend(custom lines, ['Synthetic polymer', 'Natural polymer'])
# plt.show()

PBS 10

PHB 34

PPL 1

Nylon 5

PCL 22

PES 7

PLA 9

PBSA 10

PHA 2

PBAT 13

P3HP 3

P4HB 3

PEA 3

PU 10

PHBV 2

PET 21

PMCL 1

PEF 2

PE 2
PHB-Oligomers 1
P3HV-0Oligomers 1
PHBV-0ligomers 1
PHPV 1

PHO 1

0-PVA 2

PVA 3

PBS-Blend 1
PBSA-Blend 1
P(3HB-co-3MP) 1
PEG 2

Generating itol datasets with analytical grade and
thermophilic degraders
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In [21]:

ids = df2.index.values

df grade thermophilic = pd.DataFrame(0, index=ids, columns=["Analitical grade",
"Thermophilic"])

for index, row in df.iterrows():
if row["Tax ID"] == 0:
name2taxid = ncbi.get name translator([row["Microorganism"]])
tax id = str(name2taxid.values()).replace("[","").replace("]","").split(
“(")[1].split(")")[0]
else:
tax _id = row['Tax ID']
analitical grade = row['Analitical grade']
thermophilic = row["Thermophilic conditions"]
if analitical grade == "Yes":
df grade thermophilic.at[tax id, "Analitical grade"] =1
if thermophilic == "Yes":
df grade thermophilic.at[tax id, "Thermophilic"] =1

# Creating itol datasets

r = lambda: random.randint(0,255) #Creates random hexadecimal color codes
create directory("itol datasets grade thermophilic")

for column in df grade thermophilic.columns:
f = open("itol datasets grade thermophilic/"+column.rstrip()+".txt", "w")
f.write("""DATASET BINARY
SEPARATOR COMMA
DATASET LABEL,"""+column+"""
COLOR, """+ '#%02X%02X%02X" % (r(),r(),r())+"""
FIELD SHAPES,1
FIELD LABELS,fl
DATA""")
for index, row in df grade thermophilic.iterrows():
tax _id = str(index)
feature binary = str(row[column])
f.write("\n"+tax id+","+feature binary)
f.close()
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